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Discussions  with  the  Company  initiated  during  1945 
by  the  Ministry  of  Aircraft  Production  showed  that  information 
concerning  the  ignition  characteristics  of  materials  which  might 
be  used  in  high  pressure  oxygen  systems  was  urgently  required, 
particularly  at  .pressures exceoding  150  etmospheres,  The 
Ministry's  representatives  considered  that  a  useful  first  stop 
would  be  the  cfetermination  of  the  ignition  temperatures  of 
selected  materials  in  oxygen  at  pressures  up  to  25O  atmospheres. 

following  these  discussions  a  contract  was  placed 
by  the  Ministry  of  Supply  with  the  Company  and  experimental 
work  continued  from  June  1947  wit  11  October  1949* 

Ignition  temperatures  in  high  pressure  gas  were 
determined  using  a  stainless  steel  bomb  in  which  samples  could 
be  raised  to  the  ignition  temperature  in  a  few  minute"  The 
effect  on  ignition  temperature  of  changes  In  total  pressure, 
rate  of  heating,  "ageing",  i.e,  prolonged  storage  of  material 
in  oxygen  under  pressure,  oxygen  concentration,  and  the  physlo&l 
state  of  the  sample  were  determined  in  the  high  pressure  apparatus. 

A  simpler  apparatus  called  the  'pot'  ignition  apparatus  was 
developed  for  the  rapid  detennim  tion  of  ignition  temperatures  in 
oxygen  at  atmospheric  pressure. 

The  many  materials  examined  have  been  classified  in  the 
following  five  groups  1- 

1.  Lubricants,  Including  thread  sealing  compounds. 

2.  Natural  and  Synthetic  &ibber  Hose  Materials. 

3.  Polymers. 

4.  Valve  Seat  materials. 

5.  Matsls  and  Alloys. 

The  ignition  temperatures  of  the  materials  in  Class  I  were 
relatively  unaffected  by  changes  in  oxygen  pressure.  The  Arodorc 
(chlorinated  diphenyls)  were  particularly  resistant,  and  had 
ignition  temperatures  above  400oC.  If  their  other  properties 
are  satisfactory  they  should  prove  suitable  for  use  as  lubriesmts 
and  hydraulic  fluids  in  oxygen  systems.  Acheson  Crease  C.30  and 
the  Ministry's  anti-seize  and  sealing  compound  ala)  had  high 
ignition  temperatures  which  were  unaffeoted  by  pressure.  Tor  this 
reason  they  would  bo  preferred  to  the  silicone  greases  for  use 
in  oxygen. 

The  ignition  temperatures  of  the  rubber  hose  materials 
in  Class  II  were  all  considerably  reduced  by  Increasing  the 
oxygen  pressure,  except  iu  the  case  of  silicone  rubber  which 
ignited  above  }00°0.  The  natural  and  synthetic  rubbers,  other 
than  silicone,  were  found  to  ignite  at  temperatures  below  200°C 
in  oxygen  at  proesuros  of  100  atmosphoros  or  highor.  The  ignition 
temperatures  wera  considerably  reduced  if  traces  of  the  fabric 
used  as  reinforcement  in  the  completed  hose  were  Included  with 
the  sample  .  Increases  in  heating  rate  led  to  significant 
reductions  in  the  ignition  temperatures  of  hycar,  neoprene  and 
BTR  Hose  (Specification  ll80)  Provided  certain  precautions  are 
strictly  observed  it  is  suggested  that  rubber  hoses  may  bo  used 
with  high  pressure  oxygen. 

Included  in  Class  III  were  Teflon,  Kel-P  and  phosphorylated 
polyvinyl  alcohol  which  were  the  most  resistant  non-oetallic 
i^aterlala  examined.  They  failed  to  Ignite  in  oxygen  at  250 
atmospheres  when  heated  to  35°°^*  la  the  'pot'  test  they  eometiaee 
ignited  at  temperatures  above  500°C.  Increasing  the  oxygen 
pressure  to  175  atmospheros  reduced  tho  ignition  temperature*  of 
soetefthe  other  materials  Included  in  Class  III, but  with  polythene, 


-  ii  - 


nylon  and  perspex  &  further  increaso  in  pressure  to  250 
atnoaphe^ec  caused  only  an  insignificant  increase  in  the 
ignitior  '  cc  c  ture.  tolythono,  red  vulcanised  fibre  and 
resin  bonded  fabric  were  tuso  examinod  in  air;  the  Ignition 
temperatures  in  air  were  found  to  be  rather  higher  than  in 
oxygen  but  no  definite  relationship  between  the  partial  pressure 
of  the  oxygen  and  the  ignition  temperature  of  these  materials 
was  obtained,  Special  ageing  experiments  provided  interesting 
results,  but  unfortunately  did  not  yield  general  conclusions. 

The  materials  in  Class  17  with  the  exception  of  GACO 
soatlng  setorirti*  had  ruio lively  low  ignition  ter»oer*>”ror, 

The  ouch  higher  ignition  '  emperatures  obtained  with  some  of  the 
materials  in  Class  III  suggest  that  they  may  be  preferred  for 

making  valve  seats,  provided  their  mechanical  properties  are 
satisfactory. 

tone  of  the  metals  and  alloys  in  Class  V  ignited  in 
oxygen  at  250  atmospheres  whan  heated  alono  to  350°C.  Copper, 
magnesium  alloy  and  mild  steel  turnings  Ignited  in  tho  presenco 
of  a  drop  of  oil  if  heatod  to  about  20f°0  in  oxygon  at  250 

atmospheres. 

Changes  in  gas  flowrate,  oxjgen  concentration,  heating 
rate  and  physical  state  had  no  marked  effect  on  ignition 
temperature  for  most  of  the  materials  examined,  Exceptions 
were  tome  Class  IZ  materials  which  were  affeoted  by  heating  rate 
and  Buna  which  in  the  fora  of  shavings  ignited  at  temperatures 
more  than  1C0°  below  the  corresponding  ignition  temperatures  for 
samples  in  block  fora. 

Materials  in  Classes  ZI ,  III  and  IT  were  examined  by  the 
pot*  test.  In  general,  it  vas  found  that  the  higher  the  'pot1 
ignition  temperature  the  higher  uae  the  ignition  temperature  In 
high  pressure  oxygen,  Unfortunately  the  'pot*  Ignition  tern. >rature 
gave  no  indication  of  the  effsot  of  pressure  in  the  range  50  ~  250 
atmospheres  on  Ignition  temperature. 

he  attempt  was  made  to  examine  the  behaviour  of  the 
materials  under  actual  working  conditions  at  high  pressure.  It 
is  not  possible  therefore  to  relate  the  Ignition  temperatures 
observed  under  controlled  conditions  to  the  hasards  associated 
with  the  everyday  use  of  combustible  materials  in  high  pressure 
oxygen.  Fowever  as  no  materials  ignited  at  a  temperature  below 
100°C  and  very  few  below  150°C  in  oxygen  at  pressures  up  to  250 
atmospheres  it  seems  highly  probable  that  with  careful  selection 
a  number  of  eaterials  which  are  not  entirely  non-inflammable  can 
be  safely  used  In  oxygen  at  high  pressures.  When  using  such 
materials  it  is  important  to  avoid  any  sudden  changes  in  pressure 
or  temperature^  and  to  ensure  the  absence  of  any  inflammable 
dust  or  other  material  more  susceptible  to  ignition,  which  might 
initiate  eombuation. 


IGNITION  IN  HIGH  PHESSUHE  OXYGEN. 


HIPOKT  ON  WORE  CARRIED  OUT  UKEEH  MINISTRY  OF  HUY  .'vJAgf 


INTBOHJCTION. 

In  May  1945  the  Company  was  approached,  by  the  Ministry  of 
Airoraft  Production  for  information  and  discussion  on  the  ignition 
characteristics  of  materials  which  might  be  used  in  high  pressure 
oxygen  systems.  The  discussions  shovel  that  oxygen  was  being  used 
on  aircraft  at  increasingly  hign  temperatures  end  preenures  and 
the  Ministry  was  concerned  "at  the  lack  of  precise  data  on  the  effeot 
of  higi  pre-cure  oxygen  on  organic  materials".  Tires  and  explosions 
had  occurred  in  high  pressure  oxygen  systems  and  it  was  considered 
"of  extreme  Importance  in  connoctlon  with  tho  development  of  oxygen 
yruixanont  for  oeace-tlm«  aircraft,  that  reeoarch  into  the  faotors 
influencing  ignition  in  high  pressure  oxygen  bo  undertaken'.'  11 
there  was  some  published  information  about  ignition  temperatures 
of  a  very  few  materials  in  oxygen  at  pressures  up  to  150  atmospheres 
there  was  no  information  concerning  the  hehaviour  of  any  material 
whatever  at  higher  pressures.  The  Ministry's  representatives  were 
anxious  to  obtain  such  information  for  a  number  of  materials  up  to 
250  atmospheres,  While  a  long  term  programme  of  fundamental  research 
would  bo  necossary  to  decide  the  influence  of  all  factors  which 
might  bo  concerned  in  the  spontaneous  ignition  of  materials  In  high 
pressure  oxygen,  the  Ministry's  representatives  considered  a  useful 
first  step  would  bo  to  determine  the  effect  of  oxygen  pressures 
ut>  to  250  atmospheres  on  the  Ignition  temperature  of  solocted 
materials* 


following  these  discussions  a  contract  .as  placed  with 
tho  Company  in  May  1946  by  tho  Ministry  of  Supply.  Expo  rloental 
work  under  this  contract  started  in  June  1947  *ad  continued  until 
October  1949*  The  agreed  objective  of  the  v^rk  was  to  determine 
the  ignition  temperatures  of  seleoted  materials  in  oxygen  at 
pressures  up  to  250  atmospheres,  and  to  study  the  Influence  of  a 
number  of  variables  on  thla  behaviour.  In  addition  to  pressure, 
the  main  variables  examined  lncludo  rate  of  flow  of  gas,  rate  of 
heating  the  sample,  effect  of  prolonged  storage  in  oxygen  under 
pressure,  oxygen  concentration  and  the  physical  state  of  the  sample. 
No  attempt  was  made  to  study  the  behaviour  of  materials  under 
actual  working  conditions,  or  to  decide  if  they  would  be  completely 
safe  against  all  haiarda  in  use.  This  could  only  be  done  by 
means  of  a  greatly  enlarged  programme  of  research  relating  to  the 
design  and  use  of  particular  items  of  equipment. 

In  view  of  the  very  large  number  of  materials  that  have 
been  examined  a  bread  olassif ication  has  been  attempted  and  the 
materials  have  been  placed  in  tho  following  five  grouptl- 

1,  Lubricants,  including  thread  sealing  compounds. 

2,  Natural  and  synthetic  rubber  hose  materials. 

3*  Polymers. 

4.  Valve  seat  materials. 

9.  Metals  and  alloys, 

The  report  first  describes  the  apparatus  and  experimental  methods 
used.  The  results  are  presented  and  discussed  in  five  separate 
sections  relating  respectively  to  the  above  groups. 

Results  of  other  workers  in  this  field  are  few  and  have 
been  found  only  for  materials  classified  in  sections  I,  IT  and  7. 
These  results,  and  an  account  of  the  methods  by  which  they  vero 
obteinod  aro  -included  in  tho  relovant  discussion  sections. 


__  1 
/*, 

DES0BIPTI01?  or  APPARATUS  act  method. 

The  main  apparatus  was  a  stainless  steel  vessel  inside 
which  a  small  sample  of  the  material  under  test  vras  heated  in 
oxygen  at  constant  pressure  until  tho  sample  ignited,  or  until 
the  apparatus  had  reached  its  maximum  tomperature,  which  was 
about  400° C.  This  apparatus  will  he  referred  to  ae  the  H.P. 

apparatus.  A  *econd  apparatus  was  used  for  studing  the  ignition 
of  materials  in  Oxygen  at  atmospheric  pressure.  This  second 
apparatus  will  he  roforred  to  as  the  'pot  ignition  apparatus. 

The  high  pressure  apparatus  and  tho  'pot'  apparatus  are  described 
fully  holow, 

(a)  Description  cf  H,P. Apparatus  I 

The  apparatus  consisted  essentially  of  a  stainless 
steel  vessel  or  bomb  containing  a  furnace  and  a  reaction  tube 
in  which  the  sample,  contained  in  a  small  glass  boat,  was 
placed.  figure  1  shows  In  detail  the  arrangement  of  the  bomb 
after  assembly, 

The  main  pressure  vessel  consisted  of  a  cylindrical 
body  and  flat  cover  plats  secured  by  six  bolts  to  a  flange 
forged  integrally  with  the  body.  A  pressure  tight  seal  between 
the  body  and  cover  plate  was  made  by  a  spigot  and  socket 
joint  using  a  copper  gasket.  The  oover  plate  contained  two 
gas  inlet  connect iont,  one  each  for  o^gen  and  nitrogen;  the 
exit  gas  connection  was  contained  in  the  nose  of  the  bomb  remote 
from  the  oover  plate.  The  gas  connections  were  of  tho 
conventional  nut  and  nlpplo  typo  as  shown  in  figure  1,  The  two 
furnaco  loads  passod  through  the. oover  plate  and  pressure  tight 
seals  were  made  by  hard  soldering  the  leads  to  a  Btout  copper 
connector  contained  between  two  insulating  bushes  as  shown  in 
figure  2, 


One  end  of  the  furnace,  shown  in  detail  in  figure  3t 
fitted  into  a  recess  in  the  cover  plate;  the  furnace  was 
connected  to  the  electrical  leads  passing  through  tho  cover 
plate  which  then  carried  tho  furnace  quite  securely.  When  the 
joint  betwoon  the  oovor  plate  and  the  body  was  made  the  furnace 
projected  centrally  into  the  body  of  the  bomb.  The  bomb  was 
placed  on  a  steel  eupport  to  which  it  was  strapped  and  the 
furnace  and  gas  connections  closed.  The  support  securing  the 
bomb  was  surrounded  by  a  protecting  chamber  of  steel  plate 
fittod  with  a  door,  Vhon  the  bomb  was  in  position  inside  tho 
protecting  chambor  its  noso  faced  the  door. 

The  reaction  tube  10  mm.  0,D.  Fyrex  tubing  was 
Inserted  through  the  noBe  of  the  bomb  and  fitted  into  a  recess 
in  the  cover  plate.  Yhen  the  tube  was  in  position  it  was 
situated  centrally  inside  the  furnace.  A  specimen,  weighing 
about  0,1  gm. ,  of  the  material  to  be  examined  was  placed  in  a 
small  chemically  cleen  boat  and  placed  inside  the  reaction  tube. 
It  was  located  at  the  centre  of  the  tube  in  close  proximity  to 
the  junction  of  a  thin  wire  chromel  alumel  thermocouple  fitted 
to  a  steel  nut  and  nipple  as  shown  in  figure  4>  When  the 
nlpplo  wae  in  position  in  the  nose  of  the  boob  the  boat 
containing  the  sample  was  in  tho  middlo  of  the  reaction  tube 
and  the  thermocouple  Junction  was  within  a  ^  of  the  sample. 

The  door  of  the  protecting  chamber  was  closed  and  the  bomb 
was  ready  for  use. 

The  remainder  of  the  equipment  consisted  of  a  control 
panel  and  a  gas  supply  system.  The  high  pressure  oxygen  and 
nitrogen  usod  in  the  experiments  was  stored  in  a  battery  of  six 
high  pressure  cylinders.  The  cylinders  were  charged  to  300 
atmospheres  from  a  gas  holder  by  means  of  a  water  lubricated 
compressor.  The  control  panel  contained  the  valves  and  preseure 
gauges  required  to  regulate  tho  flow  of  gaB  to  and  from  the  bomb, 
the  furnace  control  instruments  and  a  foetor  Tomperature  Recorder 


connected  to  the  thermocouple.  All  gas  lines  connecting  the 
control  VAlres  to  the  bomb  wore  audo  from  copper  pressure 
tubing  of  O.D.  and  l/l6'f  I.D. 

(b)  Experimental  Method  used  with  High  Pressure  3omb> 

The  flowsheet  of  the  apparatus  is  shown  in  Xigure  5- 
When  the  bomb  wes  ready  for  use  the  main  oxygen  valvo  (7.l)  and 
the  main  nitrogen  valve  (7.3)  voro  opened  after  onBuring  that 
all  the  othor  valves  wero  closed.  Tho  fine  adjustment  valve  (7,2) 
was  carefully  opened  and  oxygon  admitted  to  the  bomb  until  the 
desired  experimental  pressure  was  reached  as  indicated  by  the 
10"  dial  pressure  gauge  (P.O.l).  In  experiments  in  which  it  was 
required  to  maintain  a  flow  of  o^gen  through  the  bomb  the  fine 
adjustment  valve  (7.5)  was  carefully  opened  until  the  flowmeter 
indicated  the  desired  flow  of  gas.  All  gas  flowrates  wore  measured 
at  atmospheric  pressure,  and  are  quoted  as  such.  By  controlling 
valves  7,2.  and  7.5#  it  was  possible  to  maintain  a  constant 
pressure  inside  the  bomb  and  a  steady  flow  of  oxygen  through  the 
bomb.  The  nitrogon  system  connected  to  tho  bomb  was  included 
as  a  safety  measure  to  supply/an  inert  atmosphere  in  tho  annular 
epaco  botwoon  the  furnace  and  bomb  wall  thus  reducing  the  qunntlty 
of  high  prossuro  oxygen  inside  tho  bomb  without  offoctlng  tho 
purity  of  oxygon  in  tho  reaction  tube.  Tho  nitrogon  supply 
wae  not  usod  after  tho  first  oxporimonts  but  was  in  fact  avo.ilablo 
for  "quenching"  in  an  emergency.  Current  was  supplied  to  the 
furnace  and  the  energy  input  regulated  to  give  a  suitable  heating 
rate,  the  temperature  inside  the  reaction  tube  heated  by  the  furnace 
arae  automatically  indicated  by  the  Toster  Temperature  Becorder. 

Smooth  temperature-time  curves  were  obtained  from  tho  Bocordor 
until  tho  ignition  tempore. turo  was  reached  whon  a  sharp  break 
occurred  in  tho  curvo.  In  many  cases  the  neodle  on  the  Bocordor 
moved  through  several  hundred  degrees  immodiatoly  alter  Ignition, 

In  other  cases  the  'kick1  was  not  eo  marked,  but  there  were  only 
five  experiments,  all  with  one  material,  during  which  the  sample 
ignited  without  evidence  of  the  ignition  being  registered  by  a 
break  in  the  temperature-time  curve.  figure  6  shows  on;*,  typical 
temperature  time  curves  copied  from  actual  experimental  records. 

Special  experiments  were  carried  out  to  determine  whether 
tho  temperature  indicated  by  tho  thormocouplo  was  tho  samo  as  the 
temporaturo  of  tho  sample,  Samplos  of  quinhydrone  were  placed 
In  the  samplu  boat  &r.d  introduced  into  tho  bomb  as  dosarlbod  above. 
Nitrogen  vau  admitted  to  the  apparatus  and  allowed  to  flow  through 
the  reaction  tube  at  2  litres/mi nute;  Current  was  supplied  to 
the  furnace  until  the  thermocouple  indicated  the  temperature  10° 
below  the  normal  melting  point  of  quinhydrone  when  the  current 
wus  switched  off  and  tho  nitrogen  flow  was  increasod.  Tho 
tooperatore  indicated  by  the  Becorder  began  to  fall  and  the 
maximum  temperature  was  noted.  The  sample  was  removed  from  the 
bomb  and  examined.  The  experiments  wore  repeated  with  increasing 
maximum  tomporature  until  the  sample  had  melted. 

Tho  temporaturo  lndicatod  by  tho  thormocouplo  corresponding 
to  tho  molting  point  of  quinhydrone  was  found  to  bo  175  -  2° 
comparod  with  tho  normal  molting  point  of  173°.  Tho  experiments 
voro  repeated  at  various  flowrates  and  heating  rates  but  the 
melting  point  of  quinhydrone  in  the  high  pressure  bomb  wae  always 
within  5°  of  the  normal  molting  point.  It  nay  be  concluded, 
therefore,  that  the  temperature  indicated  by  tho  thermocouple 
was  in  good  agreement  with  the  temperature  reached  by  tho  samplo 
in  the  boat. 

It  was  considered  dosirablo  to  employ  fairly  rapid 
hoating  ratoe  to  onsuro  that  tho  samplo  roachoA  its  ignition 
temporaturo  with  tho  minimum  of  chemical  change.  Tho  hoating  rate 
normally  oraployod  raisod  tho  sample  from  100°  to  200°  in 
approximately  two  minutes.  Unless  otherwise  indicated  in  the 
text  this  was  the  heating  rate  employed.  Except  in  a  few  cases 
the  ignition  temperature  was  reached  within  lour  minutes  of 
switching  on  the  heater. 
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Whoa  liquid  material o  wore  examined  a  few  drops  were 
transferred  to  the  sample  boat  by  means  of  a  chemically  clean 
Class  tube.  Oreaeea  were  transferred  from  a  Ramrod.  Samples 
of  solid  materials  were  cut  In  the  form  of  small  block*  from  the 
master  specimen.  In  a  few  cases  solid  materials  woro  also 
ex*.:  inedaftor  shroddlng,  In  all  cases  0.1  gm  *  30$  of  any  givon 
smttsrlal  was  used  In  each  experiment. 


(o)  Description  of  ’Pot1  Ignition  Apparatus  and  Methodl 

The  'pot'  ignition  apparatus  was  used  to  determine  the 
mlnlarum  Ignition  temperature  of  various  materials  when  introduced 
Into  pre-heated  oxygen  at  1  atmosphere  pressure.  Oxygen  was 
passed  through  the  apparatus  at  a  standard  inra  of  2  litres/mlnute. 
The  apparatus  consisted  of  on  electric  furnace,  glass  reaction 
tube,  sample  carrier  and  thermometer  as  shown  in  detail  in  figure  7. 
The  sample  carrier  had  a  tungsten  needle  fixed  at  its  lower  end 
to  which  small  specimens  of  the  material  under  test  could  be 
attached  and  Introduced  Into  the  reaction  tube.  The  sample 
carrier  and  thermometer  were  each  fixed  to  standard  £.14  Joints  to 
enable  them  to  be  introduced  and  removed  speodlly  from  the 
reaction  tube  and  to  ensure  that  the  thermometer  bulb  smd  tungsten 
needle  oacupied  the  some  position  in  the  middle  of  the  reaction 
tube.  At  a  later  stage  when  it  was  necessary  to  work  at 
temperatures  above  380°0  the  thermomotor  vas  replaced  by  a  thin 
wire  chrooel  aluael  thermocouple. 

To  determine  the  'pot1  Ignition  temperature  of  any  given 
material  current  was  supplied  to  the  furnace  and  oxygen  from  a  gM 
cylinder  was  allowed  to  flow  upwards  through  the  roactlon  tube  at 
2  litres/mlnute.  Ihe  thermometer  was  placed  In  position  and  the 
current  to  the  furnace  was  adjusted  until  the  thermometer  indicated 
a  oonstant  temperature.  Small  block  samples  of  the  given  materials 
each  weighing  about  0.1  gm.were  prepared,  Impaled  on  the  needle 
of  the  oarrler,  end  Introduced  into  the  reaotion  tube  after  removing 
the  thermometer.  The  time  at  which  the  sample  was  introduced 
Into  the  reaction  tube  was  noted  and  if  no  Ignition  was  observed 
within  two  minutes  the  sample  was  withdrawn  and  oxamlned.  Afte^ 
each  experiment  the  thermometer  was  replaced  and  the  temperature 
ohecked.  Ignition  when  it  occurred  could  be  eeen  and  was  Initiated 
very  often  by  a  slight  explosion  and  a  flash.  If  Ignition  occurred 
the  temperature  of  the  furnace  was  reduced  In  steps  of  10°  until 
a  temperature  was  reached  at  which  the  sample  did  not  Ignite  within 
two  minutes.  If  the  sample  failed  to  Ignite  the  test  was  repeated 
with  fresh  samples  at  progressively  higher  temperatures  until 
Ignition  occurred.  lor  most  of  the  materials  examined  the  lowest 
tomporeturo  (within  10°)  at  which  tho  eomplo  Ignited  undor  tho 
aondltlon*  of  this  test  was  dotozialnod  and  has  been  called  the  'pot1 
Ignition  temperature.  In  some  cases  the  'potr  Ignition 
temperature  was  determined  more  accurately. 

In  general  it  was  found  that  increasing  temperature  oaused 
a  progressive  reduction  in  the  time  taken  for  ignition  to  eocur, 
that  the  minimum  'pot'  ignition  tanperaturo  was  not  affected  by 
oxygen  flowrate  in  the  range  1-5  litres/mlnute  and  that  replaoing 
oxygen  by  air  increased  the  Ignition  temperature.  Kasults  were 
cloeel.y  reproducible  and  with  raoBt  materials  the  minimum  ignition 
temperatures  could  be  fixed  within  5°0.  Table  I  gives  detailed 
results  obtained  for  a  black  rubber  seating  material. 

TA3LB  I, 


Temperature 

°0 

Ignition  Time 
seconds,  x 

frequency  of 
iailtlon 

Kean  Ignition  time 
eoconds 

300 

320 

340 

350 

360 

x  : 

XX 

XXX 

TTT 

118,119,87. 
83,  93.  68 

nil  cat  os  that  lg 
rlthln  2  minutes 
Into  the  react len 

0/2 

°3 

0/3 

3/3 

3/3 

aitlon  failed 
of  introducing 
tube. 

108 

81 

;o  oocur 
tho  sample 
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CLASS  I  -  LUBRICANTS,  INCLUDING  THBSAD  SEALING  k  LUBRICATING  COMPOUNDS. 


The  following  materials  in  this  class  were  examined?- 
(a)  lubricating  Ollst 

1.  Aircraft  Lubricating  Oil  -  IS. 2472  B/O.  ■ 

2.  Silicone  D.  C.  Tluidu. 

3.  Aroclora. 


(b)  Thread  Seal  Oo  inpound  si 


1.  Anti-seize  end  Seeling  Material  -  AN-C-86  jc 

2,  Acheson  Thread  Sealing  &  Lubricating  Compounds  -G.30 

and  CT.2.  «' 


3.  Silicone  Greases. 

*  Indicatee  that  the  material  was  submitted  by  the  Ministry  of  Supply, 


I(a)l  -  Aircraft  Lubricating  Oil. 

Experiments  with  this  substance,  the  first  to  be  examined 
in  the  H.P.bomb,  were  carried  out  at  pressures  up  to  250  atmospheres, 
in  a  static  atmosphere  and  at  three  different  flowrates  up  to  a 
maximum  of  3  litres/minute.  The  results  are  presented  in  Table  2 
which  gives  the  average  ignition  temperatures;  the  standard 
deviations  are  shown  in  brackets.  It  will  be  seen  that  in  the 
pressure  range  20-250  atmospheres  the  ignition  temperature  for  this 
lubricating  oil  was  not  greatly  affected  by  flowrate  nor  by  Increase 
in  oxygon  pressure.  In  special  static  experiments  at  100  atmospheres 
the  substance  was  heated  slowly  to  t‘s  ignition  temperaturo  over  a 
period  of  3  hours,  but  it  was  found  that  this  considerable  reduction 
in  the  heating  rato  had  no  significant  affect  on  the  ignition 
temperature.  In  two  experiments  at  ICO  atmospheres  in  which  the 
maximum  heating  rate  waB  used  ignition  temperatures  were  200°0 
and  202°0,  which  was  about  20°  below  th©  ignition  temperature  at  the 
normal  heating  rato. 


TABLE  2. 


Ignition  Tomperaturoa  (°0)  of  Aircraft  Lubricating  Oil, 
_ _ HE  2472  B/0  _ 


Pressure 

ats. 

PI owrate 

litres/minutn 

”1 

Nil, 

L_i _ 

2 

r~i — 

1 

no  Ignition 

309 

(24) 

334 

(21) 

20 

219 

(18 

240 

(  1) 

277 

(34 

259 

(IQ! 

50 

227 

(12] 

225 

(22 

271 

(14 

256 

(12; 

100 

220 

(15; 

210 

(26) 

222 

(16 

175 

237 

(16; 

202 

(29) 

228 

(30) 

250 

190 

(23J 

207 

(20) 

— 

- 

Aircraft  lubricating  oil  was  also  examined  at  1 
atmosphere  at  various  flowrates  in  the  range  0-0.6  litres/minute. 

It  was  found  that  for  flowrates  between  0-0.02  litres/minute 
no  ignition  occurred.  In  the  range  O.O5-O.O7  litres/minute  a 
succession  of  small  oxplosions  beginning  at  300°0  and  continuing  for 
about  l£  minutes  was  observed.  Under  these  conditions  combustion 
was  incomplete.  At  higher  flowrates  ignition  occurred  quite 
sharply,  between  320  and  340°C.  At  tho  lower  flowrates  it  appears 
that  the  supply  of  oxygen  was  inadequate  for  complete  combustion 
and  a  carbonaceous  roslduo  was  left  in  tho  boat.  It  will  bo 
noticed  that  at  higher  oxygon  procures,  seo  Table  2,  ignition 
does  occur  when  tho  flow  of  oxygen  through  the  apparatus  is  reduced 
to  aero. 


Experiments  we re  repeated  using  oxygen  gas  saturated  with 
water  rap our  at  20°C  but  no  change  In  ignition  characteristic*  were 
observed-  Ignition  temperature  wac  not  affected  by  the  presence 
of  finely  &ivid<@d  notals  in  the  lubricating  oil  nor  by  the  distribution 
of  the  oil  on  glass  wool. 

After  ocme  *00  experiments  had  been  performed  in  the  high 
pros sure  b^rab  an  explosion  occurred  during  an  oxporiment  in 
which  Aircraft  lubricating  oil  was  being  examined  which  resulted  in 
damage  to  the  cover  plate  and  to  of  the  aloctrical  loads  to  tho 
furnace.  This  incident  ie  doecribod  fully  in  Appendix  1. 

l(a)2  -  5111  cone  D.C. Fluids. 

Four  B.C. Silicons  flui ie  were  examined  in  u:ygen  at  1 
afetnwp  ire.  The  results  obtained  with  these  substances  undor 
eon rolled  conditions  varied  considerably,  but  show  that  all  were 
inr.fimmablOc  and  ignition  often  occurrod  with  on  oxplosion  of  some 
violence,  considering  tho  quantity  of  material  involrod.  Table  3 
gives  the  range  in  which  ignition  occurred.  Flow  rate  had  no 
detectable  effect  on  the  ignition  temperature,  but  increasing  the 
heating  rate  ac  that  the  sample  was  heated  from  100  to  300°  in  two 
minutes  reduced  the  ignition  temperature  by  about  50°C. 

TABLE  3. 

Ignition  Temperature  of  S. C. fluids  in  oxygen  at  1  atmosphere 


(flowrate  variod  between  0.2  to  1.0  lit  rot/minute) 


Mat ox ini 

lUtngo  of  ignition 
temperature 

Oomonts 

D,0. Fluid  20C 
0STX8  100 

315  -  385 

Explosion  and  i,pilticn  in 
oil  oases.  In  moot  cases 
a  succession  of  slight 
explosions  were  observed. 

S.C. Fluid  200 
CSTIS  350 

315  -  595 

In  one  experiment  no  ignition 
occurred.  In  remaining 
experiments  ignition  was 
preceded  by  explosion. 

D.O,  Fluid  710 
C6TI8  500 

470  -  435 

Ignition  observed  in  half 
the  experiments  only. 

D.c.nuid  500 

310  ~  430 

Slight  explosions  observed 
after  ignition  had  ceased  at 
a  temperature  about  100°  above 
tho  ignition  temperature 

A  few  experiments  in  high  pressure  oxygc-  wore  carried  out 
on  Fluid  D„ C.200.  CSTKS  100.  Tho  results  aro  given  in  Table  4  and 
show  that  increasing  the  pressure  to  250  atmospheres  has  littlo 
offoct  on  the  ignition  temperature.  In  one  special  experiment  the 
sample  was  kept  at  24C°C  for  16  hours  in  oxygen  at  $0  atmospheres. 
The  temperature  was  then  increased  and  ignition  occurred  at  2b5°C. 


TABLE  d. 

If  ltlon  Temperature  (°C)  of  D,0,  Fluid  200  CSTKS  100. 


Pressuro 

Flowrate 

litreB/ninuto 

C 

) 

; 

ats . 

Individual 

r9BUltfl 

Average 

Individual 
result b 

Average 

— 

50 

289,  291.  284 

288 

300,  314,  309 

308 

250 

300,  509,  235 

203 

l{alb  -  Aroclors. 

These  wiiarisl*  »de  by  the  Monsanto  Oh«ical  Ooapany 
aro  essentially  chlorinated  diphenyls.  It  will  be  seen  froa 
iho  results  glv*n  in  Table  5  that  they  hare  high  ignition 
teoperatvres  and  that  increasing  preaeure  does  not  affect  the 
ignition  temperature  notloeably.  Since  under  givon  condition* 
ignition  diA  not  always  occur  the  frequency  of  ignition  ie  jIt«, 
Ignition  when  it  occurred  was  violent  and  invariably  shattered 
the  reaction  tube  containing  the  sample.  Vlth  other  materials 
shattering  of  the  reaction  tube  was  a  rare  occurrence.  In  all 
case*  no  residue  was  lift  in  the  boat. 

It  it  of  ictereot  to  record  that  experiments  in  a 
different  connection  carried  out  in  the  Ocnpnny'a  Eeooarch 
Department  ehowed  that  thoee  aateriale  are  more  raeietant  to 
oxidation  than  the  mineral  oil*  specially  eoleoted  for  lubrication 
of  air  ooopreeeore. 

TA3LS  5. 


This  material  was  examined  at  pressurea  up  to  175 
atmospheres  in  a  static  atmosphere  ana  in  a  flow  of  oxygon  of 
2  litrfcs/minute.  Bocults  given  in  Table  6  Bhov  that  variation!! 
in  preflsv.ro  in  tho  range  50  to  175  atmoephores  had  no  significant 
affect  on  ignition  temperature.  In  experiments  at  1  atmosphere 
the  material  failed  to  Ignite  when  heated  to  420°0;  a  powdery 
black  residue  wao  left  in  the  boat,  and  oily  drops  condensed  on 
the  cooler  parte  of  the  reaction  tube.  After  ignition  at  high 
procure  a  white  aeh  was  o stained  in  the  sample  boat,  but  drope 
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of  oil  condensed  on  th«  walls  of  the  reaction  tube  were  still 
observed. 

TiBLI  6 


Ignition  Temperatures  of  Anti-seise  and 
_  Sealing  Compound,  A.R-0-S6 _ __ 


SS 

flowrate  -  litree/minute 

!  o 

Individual  results. 

2 

Individual  results. 

mm 

1 

388 

no  ignitions  up  to 

420°G 

100  _  . 

mm 

EM 

m 

IH 

mni 

Up 

1(b)2  -  Acjwgon  Threed  Seeling  and  Lubricating  Compounds  - 
G.30  and  C.T.2. 


The  ignition  temperatures  in  high  pressure  oxygen 
flowing  et  2  litres/minute  sre  given  in  Table.  7. 

In  nve  experiments  with  C.T.2.  ignition  had  occurred, 
but  no  evidence  of  ignition  was  shewn  by  the  temperature- 
time  curve.  These  were  the  only  cases  during  the  whole 
experimental  progrezane  in  which  the  ample  ignited  but  the 
ignition  temperature  could  not  be  obtained  from  the 
temperature  record. 


TABU  7 

Ignition  Temperatures  of  Achesor.  Thread  Seeling 
and  Lubricating  Co^pounda  -  G.30  end  C.T.2 


Pressure 

C.T.2. 

0, 

30. 

at*. 

Ignition 
Temp.  °C 

Comments 

Ignition 
Temp.  °0 

Commonts 

50 

295.  321, 
324,  335, 
322. 

failed  to  ignite 
in  2  tests. 

351,  450 

failed  to  ignite 
in  4  tests 

100 

not 

detected 

see  note  (l) 
below  * 

370,  385, 
.395,  405.  . 

failed  to  ignite 
in  2  tests 

175 

. 

not 

detected 

see  note  (2) 
below 

406 

■  ■ 

failed  to  Ignite 
in  3  tests 

250 

259,  280 

_ 

failed  to  Ignite 
in  2  tests 

failed  to  ignite 

Bote  (l)  -  In  four  tests  the  sample  left  a  residue  which  showed 
evidence  of  ignition,  but  no  deflection  of  the 
tomperature  recorder  occurred  to  mark  the  ignition 
temperature.  In  a  fifth  test  no  ignition  occurred. 

Bote  (2?  -  Ignition  occurred  at  a  temperature  below  350°0,  but 
no  def loot  ion  of  the  recorder  was  observed. 
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l(b)3.  -  Silicone  Greases. 

Three  Pllicono  greases  were  examined  in  oxygen  at 
pressures  up  to  2*30  atmospheres.  The  Ignition  temperatures 
are  given  in  Table  8  and  show  that  the  ignition  temperature* 
obtained  at  any  given  pressure  in  a  flow  of  oxygen  are  greater 
than  under  static  conditions.  Similar  results  were  obtained 
with  D,  O.Tluid  200  C8TXS  100,  Grease  D, C«41  appears  to  be  the 
most  resistant  of  the  three  silicone  greases  examined  but  its 
ignition  temperatures  are  lower  than  thoae  reported  previously 
for  the  Acheson  compound  0, 30  and  for  asti-eelse  and  sealing 
compound  AN-O-86, 


TA3LI  8. 


k&±  Ion  Temperatures  of  Silicone  Greases, 


Silicone 

Material 

Pressure 
at  a 

Plow  P 
(2  l/oln) 
or 

Static  8 

! -  - - H 

i  Ignition  Temperature  -  °(J  [ 

Individual  Besults, 

Average 

Standard 

deviation 

Plug  Dock 
grease 

...50  . 

8 

243  ,  249,  259  . . 

250 

250 

6 

285,  300,  280 

288 

50 

P 

265,  33O,  318, 

272,  296,  280, 

300,  278,  294. 

293 

21 

175 

P 

230,  238.  257, 

253.  230,  265. 

245 

15 

Grease 

O.O.33 

50 

0 

209.  220.  210. 

213 

J 

272.  243,  25T,  259. 

256 

12 

8 

l8l,  190.  189. 

187 

250 

f 

2.33,  181,  189, 

222,  222,  218. 

211 

" 

21 

Grease 

D.O.41 

3. 

8 

no  ignitions  up  to 
520° 0  * 

-  - 

V 

502,  500,  493, 

502,  500,  500. 

499 

_  4 

50 

6 

300,  344,  375, 

370,  367,  252 

_i3S— . 

_  49 

P 

360,  368,  350, 

360,  371,  35Q, _ 

360 

9 

100 

S 

274,  220,  215, 

200,  ?02,  300, 

250  ... 

44 

T 

312,  302,  312, 

328,  283,  317. _ 

-jsa— 

15 

Oreaoe  D.C.33.  was  also  examined  in  air  flowing  at  2  litres/ 
minute  at  pressures  up  to  250  atmospheres.  Besult*  given  in  fable  9 
show  that  there  is  no  appreciable  change  in  ignition  temperature  with 
increasing  pressure  and  that  the  ignition  temperatures  in  air  are 
higher  than  in  oxygen  by  30°  at  50  atmospheres  pressure  and  by  ?0° 
at  230  atmospheres  pressure. 


TAILS  9 


Ignition  Temperatures  cf  Silicone  3 reuse  D. 8.33 
in  air 


Pressure 

Ignition  Temperature 

°c 

ate. 

1 

Individual  Results. 

Average 

50 

281,  2J1,  283,  283,  338,  254,  30:. 

1287 _ 

1  w 

100 

293,  284,  257,  283,  257,  217.  __  _ 

mm 

28 

hh 

256.  272.  260,  268,  270.  210,  233. 

mm 

_ _ 23 _ 

mm 

■m 

mm 

In  expert neat  Ho.ll^l  in  tfiich  Grease  1).  C,41  was  under  examination, 
ignition  of  the  material  in  the  reaction  tube  was  followed  by  an 
explosion  in  the  copper  tube  connecting  the  bomb  to  the  exit 
control  valve.  The  oopper  tube  mis  burst  in  several  plaoos, 

The  incident  is  described  in  Appendix  II. 


Class  I  -  DISCUSSION. 


An  examination  of  the  ignition  temperatures  of  the  materials 
reported  in  this  section  leads  to  the  following  conclusions >- 

1.  Spontaneous  ignition  did  not  occur.  No  materials  Included 
in  this  section  ignited  unless  heated  to  l80°0  even  at  the 
highest  oxygen  pressure* 

2.  The  ignition  temperature  fell  with  increasing  oxygen 
pressure  but  the  effect  was  not  marked  at  pressures  above 
50  atmospheres  up  to  the  maximum  of  250  atmospheres. 

At  high  pressures  rate  of  flow  of  oxygen  within  the  range 
examined  had  a  minor  effect. 

3.  Of  the  liquid  materials  examined  the  Aroclors  are  clearly 
the  most  resistant  to  ignition.  Whether  these  materials 
are  safe  to  use  regularly  in  high  pressure  oxygen  systems 
is  of  course  not  decided  by  ignition  temperature  alone; 

it  is  not  unreasonable  to  suggest,  however,  that  the 
Aroclors,  if  their  other  properties  are  satisfactory,  may 
be  sultahle  for  use  os  lubricants  and  hydraulic  fluids 
in  oxygen  systems, 

4.  The  Acheson  compounds  0«30  and  C.T.2,  and  the  Ministry 
Anti-seize  Compound  AN-C-86  have  high  ignition  temperatures 
unaffected  by  pressure  and  should  be  eafs  to  use  in  oxygen 
systems.  Judged  by  ignition  temperature  they  are  to  be 
preferred  to  the  8ilicone  matorials. 


8.E.  Brooks  in  U.8,A,  Bureau  of  Mines  Reports  of  Investigations 
No. 2555  entitled  "Spontaneous  Ignition  of  Oils  in  Oxygen  under  Pressure" 
reports  the  ignition  temperatures  he  obtained  for  a  few  oils. 

Brooks  used  a  static  method  in  which  small  samples  of  oil  distributed 
on  pure  asbestos  were  placed  Inside  a  steel  boob  of  4  cce  capacity 
and  heated  until  ignition  took  place.  The  point  at  which  Ignition 
occurred  was  determined  by  listening  with  headphones  for  the  explosion 
which  accompanied  the  ignition.  The  work  is  also  described  by 
M. D, Horsey  in  a  paper  entitled  "A  Study  of  the  Oxygen-Oil  Explosion 
Hazard*  from  v?hich  the  following  Ignition  temperatures  are  t'ucenl- 


011 

lorosone 
Moblloil  A 
Sporm 
Llneood 


Ignition  Temp.  °0 

175 

170 

135 

120 
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In  all  oases  the  Ignition  temperature  was  found,  at  a  first 
approximation,  to  be  independent  of  pressure  up  to  250  atmospheres. 

The  roeulte  for  Mobiloil  A  indicated  a  slight,  but  probably 
not  significant,  increase  in  ignition  temperature  with  pressure. 

A  report  written  in  1941  by  L.  8.  Green  of  the  Douglas 
Aircraft  Oo.lnc.  reports  the  ignition  temperatures  in  high 
proseuro  oxygen  of  several  materials  of  the  types  included  f.n  this 
section.  This  feport  was  supplied  to  the  Oompany  by  the  Ministry 
of  Supply  after  the  experimental  programme  bad  commenced.  Green 
used  essentially  a  static  method  in  whi-'h  a  small  plug  of  .09  ooe 
capacity  whs  filled  with  the  material  under  test  and  connected  to 
a  email  combustion  chamber  the  temperature  of  which  could  be 
raised  by  a  Thor  heftt  gun.  Temperature  Hidings  were  taken  and 
when  ignition  occurred  a  sharp  increase  in  temperatu.e  was  observed. 
Katerials  examined  by  Green  ircluded  oils,  -oapB  and  a  variety  of 
thread  lubricating  compounds.  Although  many  different  materials 
were  examined  up  to  pressure  of  about  l5t  atmospheres  and 
temperatures  up  to  250°C  there  was  no  eyatematlo  examination  of  the 
effoct  of  pressure  on  ignition  temperature.  Most,  materials  woro 
Included  in  one  experiment  only.  The  results  given  in  the  report 
are  in  reasonable  agreement  with  the  results  given  in  this  section 
for  similar  materials. 

Among  the  conclusions  reached  by  Green  were  "that  the 
majority,  if  not  all,  of  the  common  materials  that  might  be  useful 
as  thread  lubricants  will  combine  with  oxygen  at  pressures  of 
2000  p.s.i.  (1P5  atmospheres)  or  less  if  the  ambient  temperatures 
are  350°!  to  55007"  (175°C  to  290°C). 

"That  Aquadag,  a  mixture  of  colloidal  graphite  and 
distilled  water  is  not  combustible  in  oxygen  at  any  pressure  and 
temperature  combination  that  can  occur  in  an  oxygen  system  but 
that  it  has  several  disadvantages  as  a  lubricant. 

*That  Glydag,  a  mixture  of  colloidal  graphite  and  glycerine 
is  suitable,  when  properly  applied,  for  use  as  a  thread  lubrlchnt 
In  oxygen  systems.  An  exception  Is  its  use  on  magnesium  parte.* 

In  our  opinion  Aquadag  and  Glydag  will  burn  in  oxygen  at 
temperatures  above  those  used  by  Grem ,  The  Acheeon  lubricants 
O.T.2.  and  0.30  included  bn  thiB  section  contain  graphite  and  it 
was  'possible  to  moke  these  materials  ignite.  Acheeon  lubricant 
0.30  and  the  Ministry's  Anti-seize  compound  ignited  only  at  temperatures 
above  350°0*  They  arc  therefore  considered  to  bo  reasonably 
safe  for  use  in  oxygen. 

It  is  clear  from  the  results  presented  in- this  section 
that  some  of  the  materials  that  can  bo  ut’od  as  thread  lubricants 
have  quite  high  ignition  temperatures  in  high  pressure  oxygen. 

Properly  applied  they  will  be  present  only  in  very  small  amounts 
enclosed  between  metal  surfaces.  It  seems  unlikely  that  these 
mntorlals  could  be  raised  in  practice  to  the  ignition  temperaturo 
by  adiabatic  compression  since  they  are  in  intiunto  contact  with 
extended  metal  surfaces.  Nor  in  it  likely  that  sufficiently 
high  temperatures  could  bo  reached  as  a  result  of  friction  between 
gas  escaping  by  leakage  and  the  lubricant.  Conclusion  4  above 
seems,  therefore,  to  be  reasonable,  It  must  be  emphasised, 
however,  that  the  experiments  doscribod  in  this  report  had  as 
thoir  prit ary  objective  a  comparison  of  difierent  materials  by  means 
of  the  determination  of  ignition  temperatures.  It  is  beyond 
the  scope  of  the  report  to  make  final  recommendations  concerning 
safe  practice. 
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QUH  II  -  gtgUgjj.  AMD  3TKTHTI0  HPB3IB  BP 81  MATBBtALS. 

the  materials  examined  In  this  Olacc  arc  classified 
as  follows 

(a)  Batural  Bubbcrst 

1.  X* 0.X •Standard  Babbcr  ■ 

2.  X.Q. I. Katural  Babbcr  a 

3«  flhtur&l  Babbcr  Bocc  BTB  Specification  965/OI  ■ 

4.  Bunlop  Sample*. 

(b)  Synthetic  Bubbercl 

X.  Bycar,  ■ 

2.  Vcoprenc,  « 

3*  Babbcr  Bo*c  BTB  Specification  ll80. 

4#  Sicbo  Ooxm&n  Hocc. 

5.  Silicone. 

(0)  O&rbon  Hacks! 


«  Xndicatoc  that  tho  matorial  was  cubmittod  1.  tho  Ministry 
of  Supply, 


II(q)l.  -  I.C.I.  Standard  Bubbcr. 

This  material  was  first  examined  in  November  1947  in  high 
preccure  oxygen  and  re-examined  a  year  later  after  it  had  been  kept 
in  air  at  room  tempera tore.  The  result*  given  in  Table  10  show 
that  ignition  temperature  decreases  with  increasing  oxygen  pressure 
and  that  in  given  conditions  the  ignition  temperature  decreases  with 
the  age  of  the  material.  decelerated  ageing  at  5000  for  three 
days  in  oxygen  at  100  atmospheres  also  affects  the  ign?Mon  temperature. 

Samples  kept  in  the  bomb  at  225°0  for  16  hours  in  oxygen 
at  100  atmospheres  did  not  ignito.  Vhon  romovod  from  the  bomb  tho 
samplos  had  hardonod  and  carbonised  and  had  lost  their  rubber-like 
properties.  The  Ignition  temperatures  of  these  residues  were 
determined  in  oxygen  at  100  atmospheres  and  found  to  be  353°0,  36l°C, 
346° 0  and  357  0. 


TA3LX  10. 


ignition  Temperatures  of  I. C. I, Standard  Bubber. 


Pressure 

Average  Ignition  Temperatures 

O 

O 

Zero  flow. 

flow 

Plow 

After  ^  days  at 

2  litres/mln. 

2  litres/min. 

5O°0  in  oxygen 

ate. 

ISuBESai 

Nov.  1947- 

Oct. 1948. 

at  100  ate. 

50 

mm 

325 

284 

100 

316 

265 

229 

250 

237 

197 

147 

. 

This  material  was  also  examined  by  the  'pot'  test  and  th»  iraition 
temperature  decreased  from  In  August  194?  to  340°C  ir. 

October  1949«  This  confirms  the  results  at  high  pressure  which 
showod  that  the  ignition  temperature  is  significantly  reduced  as 

the  material  egos. 
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Il(a)g»  -  I« 0, I. Natural  ftubber, 

The  Ignition  temperature  of  I, C, I,  natural  rubber  In  high 
pressure  oxygen  was  found  to  be  150°C  or  lover,  At  the  highest 
pressures  reproducibility  of  results  was  good  unlike  the  vido 
variation  obtained  at  5$  atmospheres.  Tho  results  aro  given  in 
Table  11  and  show  that  agoing  tho  sample  reducos  tho  ignition 
temperature.  The  individual  results  are  gJvon,  average  reoults 
are  shown  in  brackets. 


tabu:  li. 


Ignition  Tecpte  otures  of  I.O.I,  Natural  ftibber. 


Pressure 

Average 

Ignition  Temperatures  - 

°C 

ate. 

Kero  Plow 

l)eo.l947. 

n  ow 

2  litres/rain. 
Doc.  1947. 

now 

2  lltreii/min. 
Oct.  1948. 

After  3  days  at 
500 0  in  oxygen 
at  100  ate. 

50 

(217) 

291.  211,  32^ 
190.  199,  328. 

Ujx/ 

- 

100 

(154) 

139,  122,  155, 
137,  119,  142, 
(136) 

- 

115,  125.  117, 
127,  120,  139. 
(124) 

175 

- 

- 

250 

— - 

141,  132,  130. 
(134) 

110,  115,  125, 
128,  120.  119, 
(119; 

- 

The  'pot1  ignition  temperature  of  I.C, I.  natural  rubber 
was  Storage  at  40°0  in  an  atmosphere  of  vfhich  the 

relative  humidity  was  95 i  for  H  and  l8  days  did  not  raise  the 
Ignition  temperature  by  more  than  5°* 

Il(a)3  -  Natural  Rubber  Hose  BTB  Specification  965/01- 

The  inner  lining  only  of  this  hose  was  examined  in  a  ,i.ow 
of  oxygen  at  2  litres/minute.  The  ignition  temperature  wae  found 
to  fall  contlderably  as  the  pressure  was  Increased  from  50  to  100 
atmospheres,  At  175  atmospheres  the  Ignition  temperature  wme  only 
133°0.  The  detailed  results  for  this  material  are  given  in 
Table  12. 


TABU  12. 


Ignition  Temperatures  of  laturmi  Sibbe’’  Bose 
_  3TB  Specification  965M. _ 


■ 

r  1  -  7 

Ignition  Temperatures  -  °0 

Oxygon  flow  -  2  litros/minute 

Individual  results. 

Avomgo 

Standard 

deviation 

50 

280,  248,  324,  352,  323,  335- 

311 

39 

100 

179,  183,  183,  l6j,  180,  1/9* 

CO 

r— 

r-4 

8 

175 

-  -  -  -  -  - 

127,  135,  136,  132,  130,  138. 

m 

9 

Th  'pot*  ignition  toaporature  was  330°0. 

i 

& 
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Il(a)4  -  Dunlop  Samples. 

Six  taaplet  compounded  with  differont  Ingredient*  from 
natural  rubber  werr>  obtained  f row  Meter*. Dunlop  Limited,  and 
vere  examined  In  oxygen  at  a  pressure  of  IOC  atmospheres,  and  by 
the  ’not'  test.  The  results  are  presented  in  Table  13  froa 
which  It  will  be  seen  that  tvo  of  the  samples,  both  containing 
a  fair  pro^xsrtlon  of  reclala  rubber,  had  considerably  higher 
ignition  temperatures  than  the  other  camples.  Addition  of  anti¬ 
oxidant  to  the  material  corresponding  to  Code  So. 2905  did  not 
affsct  the  Ignition  temperatures  appreciably,  neither  did  the 
replacement  of  231*  clay  (Oode  H0.3OO7)  by  23^  carbon  black 
(Code  So. 2290). 


TABU  13. 


Ignition  Teapor&tures 

pf  Dunlop  Sosplos. 

m 

Main  ingredient*  % 

Average  Ignition 
Temperature  In 
Oxygen  at  100  at*. 
°C 

Minimus  'pot1 
Ignition 
Tesperaturs. 
oC 

f - 

1604 

Beclaim  rubber  3~ 
Pure  rubber  10 
Carbon  black  l6 
•pindle  oil  15 

335 

38O 

1877 

Seclalm  rubber  20 
Pure  rubber  18 
Oil  nil 

3U 

38O 

3007 

Pure  rubber  4f 
Olay  23 
Oil  nil 

186 

325 

. 

2290 

Pure  rubber  l6 

Oarbon  black  23 

Oil  nil 

185 

300 

2905 

Pure  rubber  containing 
anti-oxidant. 

-  . . 

.  350 

Pure  rubber  without 
antl-oxldant . 

165 

*  ■  - '  - — 

365 

— 

Trial  lengths  cf  ho*a  the  inner  lining  of  which  correspond*! 
to  Oode  So*.  1877  and  2290,  were  obtained  from  Me**r*. Dunlop  Ltd. 
Judged  by  ignition  tcaperatur#  the  bo*e  corresponding  to  Cod*  Ic.l8/7 
wa*  expected  to  be  sore  re«i*tant  to  ignition  and  thl*  waa  confirmed 
In  *peoiel  experiment*  with  oxy-ec*tylece  equipment,  The  hose 
corresponding  to  Cod*  3o.229C  could  be  made  to  fir*  eatii;.  whereas 
the  ho*e  corresponding  to  Code  So. 1677  was  sect  reslstar 


II(b)l.  -  foemr. 

Two  bycar  hose*  were  received  froa  the  Ministry.  The 
fir*t  sample  consietsi  of  lining  tube  only  and  will  be  referred 
to  a*  hycar  lining  tuc*.  The  ?econd  sample  wa*  -vie  by  'he 
British  Tyre  and  fibber  Company  and  will  b*  referred  tc  a*  BTB 
Specification  9^5 /05.  Sample*  of  the  inner  lining  of  the  latter 
material  were  racoved  xor  examination, 

trperlaert#  with  hycr  'ining  tube  were  ^rvlrl  ju t  on 
0*1  gs-.sacple*  to  which  »call  and*  of  fabric  still  aiherr>d 
and  repeated  with  *aapie*  frea  -  -ich  the  fabric  hal  bean  ccaplote  . 
rojoved.  In  the  presence  of  fabric  the  ipnntion  ♦erperaturs  in 
ojygan  nt  100  atmospheres  was  reduced  by  about  100°. 
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Bbcporiments  on  tho  effect  of  heating  rate  were  oarrled 
out  at  175  atmospheres.  It  was  found  that  If  the  heating  rate 
was  reduced  eo  that  the  time  taken  to  heat  the  sample  from  100 
to  200°  was  four  minutes  Instead  of  two  minutes  Ignition  did  not 
occur  in  six  experiments  in  which  the  eaaple  was  heated  to  32O°0, 
whereas  at  the  normal  faster  heating  rate  the  ignition  temperature 
was  200° C.  The  results  are  shown  in  Table  14. 

Tim  14. 


Ignition  Temperatures  of  Hycar  Lining  Tube 


Pressure 

Ignition  Temperature  -  °0 

With  fabric. 

ats. 

Static 

Averagi 

50 

243 

- 

370 

100 

223 

252 

350,  370,  37b,  379, 

379,  364. 

373 

175 

193 

208 

199,  202,  218,  220, 

180,  179. 

200 

250 

- 

- 

H i.MU 1.  MHWBMMBI 

162 

The  results  for  BT3  specification  9^5/05  are  gl^en  below. 
At  ollpmoourcs  it  will  be  seen  that  the  ignition  temperature  was 
below  the  corresponding  ignition  temperature  for  the  hycar 
lining  tube;  In  all  cases  the  samples  were  carefully  freed  from 
fabric. 
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Ignition  Temperatures  of  linear  - 
BT3  Specification  965/05. 


Pressure 

Ignition  Tomperatures 

-  °C 

ate 

Individual  results. 

Average 

Standard 

deviation 

50 

200,  295,  188,  198,  205,  310,  221, 
205. 

228 

_ 

47 

100 

224,  216,  205,  223,  222,  219. 

P 

CO 

9 

-115 _ 

142,  185.  172,  l60,  177,  209. 

174 

23  , 

The  greater  resistance  to  ignition  shown  by  the  hycar 
lining  tube  was  confirmed  by  the  'pot'  tests  in  which  the  lining 
tube  had  an  ignition  temperature  above  39O°0,  whereas  the  BIB 
specif icatlon  9&5/05  igultoB  at  375°^. 

II(b)2  -  Kooprene. 

Neoprene  lining  tube,  received  from  the  Ministry  of  Supply 
wsb  examined  in  the  high  pressure  apparatus  with  and  without 
traces  of  fabric  adhering  to  the  sample.  Ae  with  hycar  lining 
tube  the  presence  of  fabric  considerably  reduced  the  Ignition 
temperature. 
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The  effect  of  heating  rate  was  examined  at  175 
atmospheres,  whan  It  was  found  that  Increveiog  the  rata  ac  that 
the  saapla  was  ralaad  through  100°  in  one  minute  reduced  tha 
ignition  temperature  froa  245°  to  177°C.  The  reaults  ara  given 
in  Table  l6  and  in  all  oaaee  ware  obtained  using  tha  normal 
heating  rate  in  a  flow  of  oxygen  of  2  litraa/ainuta,  except  o«a 
•erlea  of  experiments  at  175  atmosphere*  at  the  fatter  banting 
rnto,  Tha  Inner  lining  of  two  neoprene  hosea,  one  for  oxygen 
and  one  for  acetylene,  made  by  the  British  lyre  and  Bubber 
Ooapany  to  their  apecif lection  1219 •  w*a  also  examined  in  100 
atmosphere*  at  a  flow  rate  of  2  litrea/minute.  The  average 
ignition  temperature*  were  304°  *ad  312°0  respectlvoly,  which 
la  about  200  above  the  ignition  temperature  under  identical 
conditions  of  the  neoprene  lining  tube  submitted  by  the  Ministry. 

T1HL*  16. 


Ignition  Temperaturee  of  Beoprane  Lining  Tube 


Pressure 

i  Ignition  Tomperatures  - 

oc 

With  fabric 

Without  fabric 

ate. 

Average 

Individual  result*. 

Avorago 

Standard 

deviation 

50 

229 

tSmZmSMm 

306 

7 

IOC 

175 

279,  292,  292, 

265,  275,  290. _ 

285 

7 

175 

191 

245 

-  - 

12 

fast  heating  rate 

178,  176,  168, 

168,  180,  190. 

177 

8 

250 

>■  i  i 

165 

249,  245.  189, 

162,  170,  248,  175. 

205 

44 

The  materials  were  also  examined  by  the  'pot1  test  and 
the  minimum  ignition  temperature*  were  as  followel- 


■eopren*  lining  tube  with  fabric  -  330°C 

leoprac*  lining  tub*  without  fabric  -  3^O°0 

BTB  Specification  1219  oxygen  hose  -  370°C 

BTB  Specif icaticn  1219  acetylene  hose  370°3 


H(b)3.  -  High  Pressure  Cxyg6P  Hose  BTB  Specif lcatlon  HoO. 

The  inner  lining  of  this  hose  manufactured  for  use  in 
high  pressure  oxygen  systems  was  examined  at  ICO  and  250  atncspfcero* 
ir  a  flow  of  oxygen,  Bo  ignitions  were  obtained  at  2f‘J  ataespheres 
when  the  heating  rate  wrv*  the  sane  as  that  used  in  the  experiments 
at  IOC  atmospheres-  hard  carbonised  residues  were  obtained.  Whan, 
however,  the  heating  rat*  was  increased  ignition  occurred  quite 
readily  at  about  175°0-  The  increase  in  haating  rate  was  not  very 
groat;  at  the  faster  rate  the  eanple  was  from  SC  to  l60° 

in  one  and  a  half  minutes. 

The  results  are  shewn  In  Table  1 7 • 
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TABU  17. 


Ignition  Temperatures  of  H.P.Oxygen  Hose 
BTR  3peolf ication  ll80. _ 


Pressuro 

Heating 

Ignition  Temperatures  -  °0 

ats 

rate 

Individual  results. 

Average 

100 

Normal 
(100- 
200°  in 

2  mins) 

314.  330,  333, 

346,  30c.,  330. 

325 

16 

250 

Normal 

Pour  non-ignitions. 
Simples  hoated  to  320°0 

- 

- 

179,  181 ,  190, 

172,  168.  161. 

175 

10 

II(b)d  -  Siobe  Qorman  Hose. 

JL  sample  of  single  cohered  wire  reinforced  high  pressure 
hose  used  by  the  Siebe  German  Company  wns  received  for  examination. 
In  special  experiments  Messrs. Siebe  Oorman  had  succeeded  in  causing 
ignition  of  identical  hose  by  adiabatic  compression. 

The  material  waB  examined  at  100  and  250  atmospheres  in 
oxygen  flowing  at  2  litrou/mlnute,  The  results  given  in  Table  10 
show  a  marked  roduction  in  ignition  temperature  at  the  higher 
pressure.  The  'pot1  ignition  temperature  was  400°C. 

TABU  10. 


Ignition  Temperatures  of  Siebe  Oorman  Houe. 


Pressure 

ats, 


Ignition  Temperatures  -  °0 


Individual  results. 


Average. 


Standard 

deviation 


100 


379.  375,  ^8,  372,  21 lx  113.-. 


JZ5. 


_252_ 


147,  148,  170,  141.  128,  168. 


J£0. 


16 


Il(b)5  "  Silicone  Rubber. 

This  material  was  examined  at  50  and  175  atmospheres 
in  a  flow  of  oxygen  and  at  250  atmospheres  under  static  conditions. 
The  ignition  temperatures  are  quite  high  and  like  the  other 
Silicone  materials  reported  in  Class  I  are  not  greatly  affected 
by  increases  in  pressure.  The  material  failed  to  ignite  in  the 
'pot'  tost  at  500° 0. 


TABLE  19 


Pressure 

Plow  (p) 

(2  l/min) 

at  a 

or  Static  (S) 

_52_ 


Ignition  Temperatures 


_  o0 


Individual  results. 


Average, 

_ 255 _ 


F'.uandard 
cuv*  it  ion 


lilsL  -  Osrbon  Blacks 

Three  samples  of  carbon  blacks  uBed  in  rubber  compounding 
ware  examined  in  oxygen  at  100  atmosphere*,  flowing  at  2  litres/ 
si  mite  In  February  1949*  Th«  results  are  givon  in  Table  20. 

IASL2  20. 


Ignition  Temperatures  of  Garb >n  Blacks. 


jfeterlal 

Ignition  Temperature  -  °0 

Individual  results 

Average 

Standard 

deviatioE 

Lamp  Black 

HHHHHI 

m 

15  _ 

Thensafcostic 

Black 

340,  JOB,  331,  335,  343.  339* 

333 

13  _ 

Oeetex  Black 
8.S.T. 

30L-3^JQ5u_m..J.i?-uJQ3» 

_ M___ 

_ _ 4 

Lesap  Black  vna  re-examined  in  September  1349,  tho  Ignition 
temperatures  are  given  in  Table  21  and  are  considerably  greater 
•t  100  atmospheres  than  the  results  obtained  in  February  1949. 

She  heating  rates  ussd  In  both  sets  of  experiments  were  the  same 
and  in  all  eases  quite  sharp  breaks  wen  obtained  in  the  toiuperature- 
tlme  curves.  The  samples  were  received  as  powders  in  air-tight 
tins.  It  is  difficult  to  sxpiain  the  discrepancy  between  the 
results  obtained  in  February  and  September,  but  it  is  reasonably 
certain  that  pressure  in  the  range  100  -  250  atmospheres  uoee  not 
have  a  narked  effect  on  ignition  temperature  and  that  the  cerbon 
blacks  have  relatively  high  ignition  temperature  In  high  pressure 
oxygen. 


TABU  23. 


Ignition  Temperature*  of  Lamp  Black  obtained  in 
_ _ September  1949* _ 


r  1 

Pressure 

ais. 

r 

Ignition  Temperature  -  on 

Individual  results. 

Average 

Standard 

deviation 

. 50 

373,  435*  (failed  to  If 

jnite  in 

four  tests) 

1 00 

419,  396,  376,  378,  385,  399* 

392 

16 

175 

380,  390,  391,  371,  402,  402. 

186 

13 

250 

410,  173^31^  361,  329,  317*. . 

_15Z_ 
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Class  II  -  DISCftTSIOlT . 

Batural  and  synthetic  rubber  hoses  are  used  in  both  high  and 
low  pressure  oxygen  systems.  In  high  pressure  syctemn  the  hoses 
are  used  mainly  as  flexible  connections  for  charging  cylinders, 

Vires  in  such  high  preseure  systems  have  been  reported  but  no 
detailed  accounts  are  available  of  ouch  incidents  and  they  are 
believed  to  be  infrequent,  Fires  in  low  pressure  hoses  used  with 
oxy-acetylene  welding  equipment  are  more  common.  The  fires  usually 
occur  efter  a  'flashback1,  i.6.  hot  gases  are  forced  back  froii.  the 
torch  into  the  supply  hose  where  they  may  cause  a  hose  tc  ignite. 

As  rubber  hoses  are  frequently  used  in  ojygen  systems 
considerable  work  was  carried  out  to  determine  the  ignition 
characteristics  cf  typical  hose  k&teriele.  The  results  presented 


&B  thin  section  show  that  l~ 


1)  None  of  the  hoBe  materials  ignited  spontaneously  at 
room  temperature, 

2)  All  the  materials  i&iited  in  oxygen  as  the  temperature 
was  raised,  Ihe  ignition  temperature  was  considerably 
reduced  by  increasing  the  oxygen  pressure  in  all  oases, 

Bicep'-  that  of  silicone  rubber  which  did  not  ignite 
below  300«C  even  at  the  highest  pressures.  The  natural 
rubbers  and  the  synthetic  rubbers,  other  than  silicone, 
nay  ignite  at  tomperaturos  well  below  200oC  in  oxygen 

at  .100  atmospheres  or  above.  The  progressive  reduction 
in  ignition  temperature  wtth  increasing  pressures  is 
probably  not  caused  by  the  inclusion  of  carbon  black 
fillers,  since  these  materials  when  examined  by  themselves 
have  igrttion  temperatures  above  300°C  in  oxygen  at 
250  atmospheres, 

3}  Ignition  temperatures  of  hycar,  neoprene  and  BTR  high 

pressure  oxygen  hose  specification  ll80,  were  all  reduoad  by 
increasing  the  heating  rate.  It  the  fastest  haating  rates 
used  in  these  experiments  (100°C  rise  in  1  minute)  the 
Ignition  temperature  of  neoprene  in  ozygen  at  175  atmospheres 
was  r  'uced  by  J0°  from  245° C- 

4)  Accelerated  ageing  by  storing  samples  cf  the  inner  lining 
at  5000  for  three  day's  in  oxygen  at  100  atmospheres  reduced 
the  ignition  temperature  of  the  I, 0, I, Standard  and  Natural 
Rubbers.  The  ignition  temperature  of  I. C. I, Standard 
Rubber  was  reduced  by  more  than  40o  after  the  material  had 
been  kept  for  one  year  in  air  at  roc®  temperature. 

Unfortunately  the  Btoraga  experiments  at  50°0  in  oxygen  fci 
1GG  atmospheres  carried  out  with  neoprene  and  hycar  were 

not  conclusive  since  the  samples  included  fabric  reinforcement. 
Che  ignition  temperatures  of  neopreme  end  hycar  were  not 
significantly  affected  by  storage  at  room  temperature, 

5)  Host  of  the  materials  reported  in  this  section  were  also 
examined  by  the  *pot!  test.  The  Bilicono  rubber  which 
had  the  highest  ignition  temperatures  had  the  highest 
'pot1  Ignition  temperature,  and  in  general  it  was  found 
that  the  higher  the  !pot*  i^iition  temperature  the  higher 
the  ignition  temperature  in  high  pressure  oxygen.  The 
ratio*  of  'pot1  ignition  temperature  to  ignition  temperature 
in  high  pressure  oxygen  at  various  pressures  has  been 
calculated  but  no  quantitative  conclusions  can  be  made. 
Unfortunately  the  ’pot1  ignition  temperaturo  gave  no 
indication  of  the  effect  of  pressure  in  the  reage  50  bo  250 
atmospheres  on  Ignition  temperature.  The  ’pot'  ignition 
temperature  did,  however,  give  come  qualitative  indication 
about  the  behaviour  in  high  pressure  oxygen. 

6)  Traces  of  fabric  adhering  to  samples  of  ueoprone  end  hycar, 

caused  marked  reduction  in  the  ignition  temperatures  of 
these  materials.  The  reduction  in  ignition  temperaturo 
was  most  marked  at  the  lower  pressures,  e.g,  neoprone 
lining  tube,  free  from  fabric,  had  an  ignition  temperature 
of  285°0  in  oxygen  at  100  atmospheres  whereas  the  ignition 
temperature  fell  to  176°0  if  traces  of  fabric  were  included 
with  the  samples.  The  corresponding  figures  for  hycar 
lining  tube  were  373°  2S2°0. 

liras  in  rubber  hoses  used  in  oxygen  systems  will  occur 
if  the  temperature  at  any  point  within  thehose  in  contact  with 
oxygen  Is  raised  to  the  ignition  temperature.  If  a  trace  of  foreign 
matter  of  low  ignition  temperature  is  present  in  the  hose  it  will 
determine  tho  -omporpt urc  at  which  combustion  occurs.  The  actual 
values  of  the  ignition  temperatures  of  any  given  hose  cannot  by 
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Itself  decide  whether  the  hoes  li  safe  for  the  duty  envisaged, 
hut  ether  things  being  equal  the  material  with  the  higher  Ignition 
temperature  is  to  be  preferred  if  part*  of  the  koee  may  be 
subjected  to  sudden  tcmper&turo  changes.  In  hoaos  for  uee  at  lo* 
pressure  (up  to  100  p.e.i.)  other  than  those  used  in  welding, 
the  ighitlon  haxnt-*  is  negligible.  In  hosec  used  in  welding, 
experience  shows  that  hoses  of  which  the  linings  have  a  high 
Ignition  tenperature  ('pot'  ignition  temperature  370°  or  above) 
are  auoh  lees  liable  to  fire  on  flashback  then  hoses  with  lower 
ignition  temperatures.  Beoprene  hoses  havo  boon  found  quite 
satisfactory  for  low  pressure  systems. 

The  hazard  la  more  difficult  to  assess  in  high  pressure 
eystema.  High  local  temperatures  of  very  short  duration,  vis,  'hot 
spots',  can  be  produced  by  adlabatio  compression;  this  may  happen 
when  a  cylinder  Is  opened  suddenly  to  discharge  Into  a  closed  system. 
'Hot  spots'  may  also  be  created  by  friction  through  a  fine  leak,  by 
friction  between  the  rubber  surface  and  high  velocity  gas  streams, 
by  electrostatic  discharge  and  by  high  frequency  vibrations.  In 
higji  pressure  supply  hoses  the  most  likely  cause  of  'hot  spots'  is 
adiabatic  compression;  the  other  oauseH  are  more  likely  to  operate, 
if  at  all,  in  regulators. 

Although  it  is  beyond  the  scope  of  thie  report  to  prescribe 
standards  of  safety  for  actual  equipment  it  is  suggested  that  rubber 
hoses  may  be  used  with  high  pressure  oxygen  provided  that  the  following 
minimum  restriction))  are  strictly  obssrvedl- 

1)  Sudden  changes  in  pressure  are  avoided. 

2)  The  bore  of  the  hose  is  free  from  cracks,  dust,  oil 
and  fabric  reinforcement, 

3)  The  inner  lining  of  the  hose  has  a  'pot'  ignition 
temperature  of  not  less  than  370°C. 

4)  Hoses  a^o  examined  periodically  to  enimre  that  condition  (2) 
is  l  .intained 
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CLASS  HI  -  POLYMERS . 

The  following  materials  hav-’  been  Included  in  this 

Sectionl- 

1.  Pblythaue. 

2.  Teflon. 

3.  Iel-F. 

4.  Polyvinylchloride. 

5.  Polyvinyl -alcohol. 

6.  Nylon,  * 

7*  Perspex.  « 

8.  Buna.  k 

9.  Ned  Vulcanised  Fibre  « 

10.  Beein-bonded  fabric  * 

11.  Tufnol. 

x  Indicates  that  the  material  was  submitted  'ey  the  Ministry  of 
Supply. 


The  first  eight  materials  have  all  been  developed  In 
recent  years;  Xei-F, in  fact,  is  not  yet  raadily  available.  The 
last  threo  materials  are  included  in  this  section  bocause  the 
bonding  material  is  often  a  polymer  and  like  the  other  materials 
ircluded  in  this  section  they  may  be  machined  to  form  seats  and 
gaskets  in  high  pressure  oxygen  systems, 

III.l,  -  Polythene  (Polyethylene). 

Small  block  samples  were  cut  from  a  rod  of  polythene 
and  3xnminod  in  o::ygen  at  2  litres/minute  and  in  air  at  2  to  10 
litres/minuto.  The  average  ignition  temperatures  are  given  in 
Table  22  in  which  the  standard  deviations  are  shown  in  brackets. 

It  will  be  seen  that,  with  6Uker  oxygen  or  air,  pressure  in  the 
range  50  to  25O  atmospheres  haa  little  offect  on  ignition  temporaturo, 
nor  is  thore  any  big  difference  between  the  roeultB  with  air  at 
10  litres/minuto,  and  the  results  at  2  litres/minute,  although  It 
is  interesting  to  ncto  that  In  all  cgbos  ignition  temperatures  wore 
slightly  lower  at  the  higher  gas  rate. 

The  'pot1  ignition  temperature  was  38O°0, 


TA3LE  22. 


Ignition  Temperatures  of  Polythene 

/  Pi a J  1  * a  _  a.  * i  _  ^ 1.  _  ^ 


Prossuro 

Moon  Ignition  Temperature 
°C 

in  Air. 

Moan  Ignition  Towp. 
in  Oxygon.  °C 

nts. 

Flow  rat  0  - 

2 

litros/oln. 

10 

Flow  rat  0  - 
2 

1/min 

50 

231  (13) 

218 

(10) 

235 

(16) 

iOO 

222  (31) 

201 

(20) 

205 

(10) 

...  175 

255  vl2) 

208 

(  9) 

171 

(19) 

250 

222  (33) 

»i 

_ inL 

203 

(16) 

Samples  rf  Polythene  seale  for  oxygon  regulators  were 
examined  in  block  form  at  100  atmospheres  as  received,  and  after 
storage  for  three  days  at  50°C  in  oxygen  at  100  atmospheres.  It 
will  be  seen  from  Table  23  that  the  ignition  temperature  of  these 
Polythene  seatr  increased  on  agoing. 
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TABU  23. 


Ignition  Temperatures  of  Polythene  Beats. 


388 

Ignition  Temperature  -  °0 

gMnjQTrmi 

HU 

lifter  accelerated  ag 
Individual  results, 

sing 

Averagd 

100 

161 

200,  195,  188, 

1 187.  210,  193. 

■ 

HI. 2.  -  Teflon  (Tetrafluoraethylene  polymer). 

This  Interesting  material  was  examined  in  the  bomb 
In  block  form  and  as  shavings  up  to  pressures  of  250  atmospheres. 
Bxperlaents  were  carried  out  in  a  static  atmosphere  and  in  a  flow 
of  oxygen  at  2  litree/mlnute,  but  in  no  case  wae  ignition  recorded 
although  the  samples  wero  heated  to  35°°0*  In  all  cases  tho 
residue  was  transluscent  when  removed  from  the  bomb,  but  on 
oooling  became  opaque  and  indistinguishable  from  samples  that  had 
mot  been  heated  in  oxygen.  It  was  possible,  however,  to  ignite 
teflon  in  oxygen  at  1  atmosphere  in  the  'pot*  test  at  abnormally 
high  temperatures.  The  material  could  be  seen  burning  feebly 
ia  oxygen  preheated  to  530°0.  The  results  of  the  'pot*  test 
are  shown  in  Table  24  in  whlah  1  x1  indicates  failure  to  ignite. 

TASLI  24. 


'got1  Ignition  Temperatures  of  Teflon. 


Temperature 

6C 

Ignition  Time 
seconds 

frequency 

520 

XXX 

°/3 

530 

60,  72,  70. 

3/3 

550 

30,  28. 

2/2 

III. 3  -  Kel-f  (Monochlore  trlfluoro-ethylene  polymer). 

A  sample  of  this  new  materlLl  was  obtained  from  Amerioa. 
Unlike  Teflon  it  is  a  transparent  thermoplastic,  the  physical 
properties  of  which  oan  be  modified  by  suitable  treatment. 

There  was  insufficient  for  high  pressure  tests  but  a 
little  of  the  naterlal  was  examined  by  the  'pot'  test,  when 
it  was  found  to  ignite  at  600^0,  but  not  at  560°0.  It  may  be 
that  the  exact  'pot'  ignition  temperature  is  below  600°0,  but 
it  It  clear  that  Xel-f  has  a  higher  ignition  temperature  than 
Teflon  as  determined  by  the  ’pot1  test.  Tho  detailed  results 
are  given  in  Table  25,  in  which  'x1  indicates  failure  to  ignite. 

As  with  Teflon  the  material  burned  feebly  when  ignition  did  occur. 

TABU  25. 


'Pot'  Ignition  Temperatures  of  Kel-T 


Temperature 

6C 

Ignition  Tine 
seconds 

frequency 

560 

600 

XXX 

23,  16,  18 

Q|l 

HI. 4  -  Pblyvlnylohlorlde  (PTC). 

(a)  UnplaatlciBedl 

Some  polyvinylchloride  In  pjwder  form,  obtained  fro* 
Messrs, I.C. I. Limited,  wne  examined  in  high  pressure  oxygen 
flowing  at  2  1  Hres/mlnute.  The  results  given  in  Table  26 
show  that  the  ignition  temperature  of  P71  falls  from  444°  at 
1  atmosphere  to  204°  at  100  atmospheres  and  l6l°  at  250  atmospheres; 
pressure  ol early  had  a  marked  eff*  ot  on  ignition  temperature, 
but  increases  in  pressure  above  100  atmospheres  did  not  greatly 
reduce  the  Ignition  temperature. 


TABU  26. 

Ignition  Temperatures  of  Polyvinylchloride. 
(Ur.ilasticieod) 

Buflsl 

Ieoitl<Mi  Temperature  -  oO 

Individual  Bosults, 

mm 

1 

425.  450.  471.  431. 

444 

21 

mm 

229.  249  .  250  ,  239  .  259  .  246,__. . 

245 

9 

100 

229.  224.  198,  210,  185,  181. 

_ 204 

20 

175 

170.  l6',  171.  162,  228.  165. 

mm 

31 

250 

178,  154,  157.  .15.8,  199,  162. 

161 

_ 5 _ 

\b)  Plasticised! 

1  sample  of  polyvinylchloride  plastlolsed  with  triorosyl 
phosphate  was  received  from  the  Besearch  Association  of  British 
Bubbcr  Manufacturers  nnd  examined  in  block  form.  The  results 
given  in  Tabln  27  show  that  the  plasticised  material  has  a  slightly 
higher  ignition  temperature  than  the  unplasticised, 

The  'pot1  ignition  temperature  of  the  plasticised  was 

450OC. 


T1BLI  27. 

Ignition  Teraporatures  of  Polyvinylchloride. 
_ (Plasticised) _ 


Preseure 

Ignition  Tempo rdurn 

-  00 

ats. 

Individual  Bosults. 

Avorago 

Standard 

doviatior 

50 

266,  265.  280,  273,  275, 

mm 

7  . 

100 

24 1.  248,  248,  231,  250 ,  246 , 

mm 

7 

Hi 

175.  170.  200.  209,  1*3,  198. 

mm 

IS.  - 

III. 5  -  Polyvinyl-alcohol . 

Tho  firs,  material  examined,  a  polyvinyl -alcohol 
manu^eotored  in  Germany,  containing  phosphoric  acid,  had  a 
surprisingly  high  ignition  temperature,  as  oon  bo  sesn 
from  Table  28.  In  order  to  decide  if  resistance  to  Ignition 
were  conferred  by  the  phosphoric  acid,  tests  w«-~a  carried  out 
on  specially  prepared  specimens  free  from  this  addition.  The 
ignition  temperatures  of  the  latter  material  are  shown  in 
Comparison  with  those  of  the  German  material  in  Table  28, 


Zt  will  be  teen  that  at  100  atmospheres  the  Oer^aa  material 
hat  aa  lgritlon  temperature  that  la  more  than  200°  higher 
than  the  material  containing  no  phonphorlo  acid.  At  25O 
atmospheres  the  German  material  failed  to  Ignite  up  to 
temperatures  of  320°0  and  when  the  samples  were  removed  from 
the  bomb  they  were  in  a  aemi-molten  atnte  with  aome  clear 
liquid  lying  at  the  bottom  of  the  boat.  On  oooling  a  brittle 
black  reaidue  vac  obtained. 


TABU!  26. 


Ignition  Temperatures  of  Polyvinyl  Aloohol. 


■ 

Material  made  at  Mor&en  1 

containing  no  phoephorio  aoid 

Individual 
result  a. 

EH 

Individual 

reaults. 

HU 

50 

443,  440.  421. 

430.  390.  410. 

422 _ 

324 

100 

429,  442,  480, 

45Q,  454,  472. 

m 

■ 

250 

_ 

Ikiled  to  Ignite  1 
four  experiments  u 
to  320° C. 

a 

P 

_ 

Hot  examined. 

Gmail  samples  of  polyvinyl  alcohol  phoephcrylated  with 
fhoephorua  oxychloride  (POCl-j)  were  prepared  and  examined  at  250 
atmoapherea  in  oxygen  In  the  high  pressure  bomb.  Under  these 
conditions  the  material  failed  to  ignite  at  temperatures  up  to 
350°0.  The  material  ignited  vhss  ssaisiued  by  the  'pot'  teat  at 
the  very  high  temperature  of  660°0.  The  corresponding  Ignition 
temperature  for  the  polyvinyl  aloohol  before  phosphorylation  was 
420®0, 


III. 6  -  Nylon. 


Uylon  in  the  f*T_  of  «  email  bar  was  received  from  the 
Kinis  try  of  Supply  and  examined  in  a  static  atmosphere  and  in  a 
flow  of  oxygen  at  2  litres/minute.  The  1  pofc!  ignition  temperature 
of  this  material  was  500°0  and  it  will  be  Bean  from  Table  29  that 
there  is  a  oarired  decrease  in  initios  temperature  as  pressure  is 
increased;  at  50  atmoapherea  the  ignition  temperature  was  328°0; 
at  100  atmospheres  249°0  and  at  175  atmospheres  l8Q°0,  Ignition 
temperature  increased  slightly  to  219°C  when  the  pressure  uaa 
increased  to  25O  atmospheres.  It  will  bo  seen  from  the  table 
that  very  often  only  three  experiments  were  carried  out  at  each 
pressure  as  ths  amount  of  material  available  for  test  was  smell. 
There  is  no  significant  difference  bctuoou  the  ignition 
tflBr»"' tur aetenrinei  under  stfltlr  compared  uith 

■he  .0,^,3  obtained  under  flew  conditions. 


TABU  29. 

Ignition  Temperatures  of  Kylon, 


Presture 

ats. 

Ignition  Temperature  -  °C 

Static 

Individual  results. 

mm 

now 

Individual  results 

Averags 

321.  321,  330. 

m 

325,  330,  330. 

3?8 

100 

252,  340,  255,160,  £ 

0  243 

235,  251,  261. 

mm 

B9I 

160,  203,  200. 

188 

250 

- 

■ 
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Three  samples  of  nylon  used  in  the  U.S.A.  as  seating 
material  for  oxygon  regulators  wore  examined  by  the  ’pot1  tent. 
The  'pot1  ignition  temperatures  of  theBo  American  samples  were 
in  excellent  agr^mont  with  those  of  the  saaples  obtained  from 
the  Miniotry  of  Supply. 


III. 7  -  Porapox. 

A  porspex  sheot  {if"  think  was  rccoivt  1  from  tho  Ministry 
of  Supply  and  was  examined  in  oxygen  up  to  250  atmospheres  in 
block  form  and  as  shavings.  boon  shavings  wero  usod  there  was  a 
tondcncy  for  tho  sample  to  volatilise  complotely  beforo  ignition 
occurred,  but  it  '411  be  seen  from  Table  30  that  ignition,  when 
it  occurred,  was  at  substantially  the  same  temperature  as  for  the 
sample  in  block  form. 

Attempts  to  determine  the  ’pot'  Ignition  temperature 
failed  as  the  sample  volatilised  before  ignition  occurred. 

TA3LZ  30. 


Ignition  Temperatures  of  Perspex. 
(Block  and  Shavings) _ 


Igtution  Temperature 

-  °0 

1 

_ ! 

Preesure 

3HAVIITGS 

8tatic 

i  BLOC 

j  Static 

K 

Tlow  (2  litres/min) 

ats 

Average 

Individual 

results 

Average 

Individual 

Beeulte 

Average 

Standard 

deviation 

50 

240 

265,  288, 
277. 

277 

273,  260, 

283,  289, 

303,  306, 

302,  289, 

IOC.  .  , 

289 

15 

100 

229,  242, 
253. 

241 

1 

282,  275, 

300,  258, 

300,  279, 

297.  273, 

288. 

284 

175 

218 

268,  140, 
205,  218, 
293,  182, 
202,  1Q5, 

172. 

211 

245,  lb8, 
l6? . 

191 

250 

19S 

199,  238, 
233. 

220 

193,  154, 

231,  212, 

255.  2.39 . 

240,  238, 

2*0. 

^ _  _ _ 

1 

224 

_ 2L__ 

1 1 1, 8  -  Gorman  Bur,  a. 

A  saal)  rod  of  German  Buna  was  received  froa  the  Miniotry 
of  Supply  and  examined  in  block  form  a si  as  shaving*  in  a  static 
atmosphere  and.  in  a  flew  of  oxygen  at  2  litree/mlnute.  The  average 
ignition  temperatures  are  given  in  Table  31,  ^rcE  which  it  is  clear 
that  the  Ignition  temperatures  of  German  Buna  are  very  considerably 
reduced  when  the  sample  is  examined  a*  chavlng*.  Is  this  for* 

German  Buna  has  a  very  low  Ignition  tamperaturo  at  moderate  pressure*. 
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TABLI  31 


Ignition  Temperature  of  Oennan  Buna. 


Pressuro 

Ignition  Temperature 

°o 

SHAVINGS 

SOLID  BLOCK  ] 

ats . 

flowrute 

flowrate  1 

Nil 

Nil 

1 

254 

_ 

464 

20 

IBM 

194 

294 

3i5 _ 

wm 

162 

302 

349 _ 

100 

mm 

164 

, 

mm 

314 

wmm 

wm 

126 

141 

T 

1 

_ :: _ 

Kith  the  exception  of  static  experiments  at  $0 
atmospheres  using  shavings  only  throe  experiments  were  carried 
out  under  any  glvoi  conditions  as  there  was  a  very  small  amount 
of  material  available.  There  was  no  material  left  for  the 
determination  of  'pot'  Ignition  temperatures. 


III. 9  -  Red  Vulcanised  Fibre. 

Hod  vulcanised  fibre  submitted  by  the  Ministry  of  Bupply 
was  examined  in  the  bomb  in  air  and  in  oxygen,  The  avorage 
ignition  temperatures  In  oxygen  for  block  samples  and  for  shavings 
are  glvon  in  Table  32.  The  results  show  that  there  is  no  marked 
difference  in  the  ignition  temperatures  botwoen  the  samples  in  the 
two  different  forms  and  that  increasing  the  pressuro  to  250 
atmospheres  causes  a  progressive  reduction  in  the  ignition  temperatures 
of  the  shavings  under  flow  conditions.  In  the  static  experiments 
the  effect  of  pressure  on  the  Ignition  temperature  of  red 
vulcanised  fibre  in  either  form  is  slight. 

The  'pot'  ignition  temperature  of  block  samples  was 
325°0  and  samples  of  red  vulcanised  fibre  stored  at  40°0  in  air 
of  relative  humidity  95$  increased  the  'pot1  ignition  temperature 
slightly  to  330° 0. 


TABLE  32. 


Ignition  Temperatures  of  Hed  Vulcanised  Plbre 


Pressure 

®t  8  • 

Ignition  Temperature  -  °0 

| 

mm 

|| 

375 

352 

■5 

222 

272 

mm 

273 

100 

220 

212 

215 _ 

175 

1 

210 

250 

212 

211 

mmrm 
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Fifteen  additional  experiments  ucing  block  sampled 
were  carried  out  in  which  the  material  was  maintained  at  a 
steady  temperature  in  the  range  140  -  lG0°  in  oxygon  at 
100  atmospheroe.  From  Table  33  it  will  bo  socn  that 
the  average  ignition  temporsturo  under  static  conditions 
in  oxygon  at  100  atmospheres  is  220°C,  but  in  thooe  special 
experiments  the  material  ignited  afteratime  interval  varying 
between  twenty  minutes  and  2-i-  hours  on  ten  occasions.  In 
five  experiments  no  ignition  oocurrod  during  storage  up  to 
46  hours.  In  one  case  the  sample  appeared  unchanged  and  it 
was  roturncd  to  the  bomb  for  tfto  determination  of  its  ignition 
tempjraturo,  under  static  conditions,  at  a  procsuro  of  100 
ntmosphcros.  It  was  found  to  ignite  at  105°0  which  is  the 
lowest  ignition  temperature  recorded  during  the  course  of  the 
experimental  programme.  These  special  experiments  indicate 
that  the  ignition  temperature  of  red  vulcanised  fibre  is 
appreciably  affected  by  maintaining  the  sample  in  oxygen  at 
about  1500 0. 

Exporlmonto  were  also  carried  out  on  block  samples  in 
air  flowing  at  2  and  10  litaes/aiinute  up  to  pressures  of  25O 
atmospheres.  Results  are  given  in  Table  33  from  which  it  will 
be  seen  that  in  all  cases  lower  ignition  tomporatures  were 
recorded  at  tho  higher  flow  rate.  /II  the  experiments  in  air 
wore  carried  out  on  samples  In  block  form. 

TABLE  33- 


Ignition  Temperatures  of  Red  Vulcanised  Fibre  In  Air 


( - 

Pressure 

Ignition  Temperature 

°0 

ats. 

Flowrate 

Individual 

results 

-  2  litre 

Average 

i/oinute 

Standard 

Dor, 

Flowrate  - 
Individual 
results . 

10  litre 

Average 

s/minute 

Standard 

Lev. 

50 

pm 

m 

12 

233.  233, 
244,  241, 
243.  250. 

■ 

H 

100 

270,  269, 
275.  275. 

289. 

_ 274 

5 

238,  225, 
225,  211, 
250,  237. 

■ 

11 

175 

267,  255, 
238,  241, 
236. 

m 

H 

172,  204, 
234,  205, 
180,  224. 

1 

24 

250 

m 

21 

200,  208, 
182,  2.17, 

220,  I06, 

H 

_ 29 

III. 10  -  Rosin-bonded  Fabric. 

This  mat  nr  1  *1  wn.s  examined  iu  block  fore,  only  in  oxygen 
and  in  air  up  to  250  atmospheres.  The  results  are  given  in 
Table  34  from  which  it  will  be  seen  that  increasing  pressure 
reducos  ignition  temperature  in  all  cases  and  that  the  ignition 
temperatures  in  air  are  appreciably  greater  at  any  given  pressure 
than  in  oxygon. 


Ignition  Temperatures  of  Resin-bonded  Pabrio. 


Pressure 

Ignition  Temperature 

00 

nr  oxtgzi; 

IN  AIB 

./min. 

Plow  -  2  lit/min.  I 

Plow  -  2  iit 

ats. 

Ind  lvidual 
results 

Averago 

Individual 

results 

Average 

Individual 

results 

Average 

50 

212,  210, 
208. 

210 

E 

EH 1 

246 

100 

219.  103. 
200, 

201 

195.  193. 
197,  197. 
179.  200, 
232,  200, 
221. 

201 

238,  256, 
259,  250, 
250,  244, 
253. 

250 

250 

193.  160. 
140,  150. 

l6l 

160,  176, 
162,  177, 
170,  175, 
200,  198, 
188. 

_!Z2 _ 

28l,  219, 
230;  217, 
242. 

234 

The  'pot1  ignition  temperature  of  the  material  was  320°0. 
fltorage  of  the  material  for  eleven  day#  at  40°C  in  air  of  relative 
humidity  95}«  increases  the  'pot1  ignition  temperature  glightly  to 
325° 0.  The  'pot1  ignition  temperature  in  air  was  360°0, 

In  two  special  experiments  block  samples  were  maintained 
in  the  high  pressure  bomb  at  150°0  for  sixteen  hours  in  oxygen  at 
100  atmospheres  prosaure.  The  material  did  not  ignite  during  this 
period  and  after  removing  the  sample*  from  the  bomb  they  appeared 
unchanged.  One  of  the  eamploo  was  weighed  before  and  after  storage 
In  the  bomb  and  was  found  to  have  changed  in  weight  only  from  0.1011  ga. 
to  0.1019 


III. 11  -  Tufnol. 

Block  samples  prepared  from  Tufnol  sheet  were  examined  in 
high  pressure  oxygen.  The  ignition  temperatures  given  in  Table  35 
show  a  progreselve  decrease  under  flow  conditions  *a  the  pressure  is 
increased  from  50  to  175  atmospheres. 


Class  III  -  DISCUSSION 


The  materials  included  in  this  eeetion  are  of  considerable 
interest  since  many  of  then  have  Veen  developed  recently  and  may 
replace  some  of  the  more  conventional  materials  included  in  Olaea  IT, 
Examination  of  tho  results  suggoste  the  following  conclusions!- 

l)  The  fluorlD^ted  othyleno  polymors,  Teflon  and  Kol-T, 
and  polyvinyl  alcohol  phosphorylatod  with  POOl-i  havo 
oxtremoly  high  ignition  teuporatures  and  for  practical 
purposes  may  be  considered  non-inflammable.  Judged  by 
resistance  tc  ignition  these  materials  should  prove  extremely 
useful  for  making  valve  eeato,  gaskets  and  possibly  inner 
.linings  for  hoses,  provided  that  fabrication  difficulties 
and  cost  do  not  present  inouporable  obstacles. 

2/  In  oxygen  at  100  atmospheres  polythene,  unplasticieed 

polyvinylchloride,  German  Buna  shavings  and  ReBln  bonded 
fabric  can  bo  ignited  at  200°0  or  below;  Tufnol,  Gorman 
Buna  in  block  form,  perspex,  nylon  and  polyvinylchloride 
plasticised  with  tricreByl  phosphate  ignited  at  about  250°0. 
Incroasi.ng  -.!;3  oxygon  prossuro  to  175  atmosphores  roducod 
tho  ignitif "omporaturos  of  all  the  mntorials  but  with 
polythono,  nylon  and  perspex  a  further  incroaeo  in  prossure 
to  250  atmosphores  .caused  a  snail,  but  significant,  increase 
in  tho  ignition  tcapornturo. 

3)  Perspox,  German  Buon  and  the  red  vulcanised  fibre  were 
all  examined  in  block  form  and  as  shavings.  The  ignition 
tempera turo  of  shavings  of  German  Buna  wore  vory  much 
lower  at  any  given  pressure  than  tha  same  matorlal  in  block 
form,  e.g.  at  atmospheres  shavings  ignitod  at  l62°0 
compared  with  an  average  ignition  temperature  of  34S°C  whon 
tho  .Buna  was  in  bloak  form.  No  significant  dlfforoncos 
wore  obsonrod  with  poropox  and  red  vulcanised  fibre 
between  the  ignition  temperatures  of  the  block  and  shredded 
samples, 

4)  The  ignition  temperatures  of  polythene,  red  vulcanised 
fibre,  and  resin  bonded  fabric  in  air  we re  in  general 
rather  higher  than  tho  ignition  temperatures  obtained  In 
puro  oxygen,  There  seems  to  be  no  definlto  relationship 
botwoon  tho  partial  pressure  of  tho  oxygen  and  tho  ignition 
temporaturo  of  theso  materials, 

5)  Ignition  temperatures  obtained  under  static  conditions  in 
oxygon  do  not  vary  greatly  from  the  results  obtained  at 
the  same  pressure  when  the  oxygen  1b  flowing  at  2  litres/ 
minute.  In  some  cases  the  ignition  temperature  was 
increased  elightly,  in  others  decreasod  slightly.  Increasing 
tho  flowrato  from  2  to  10  litres/minute  '..-hen  ueing  air  led 
to  a  significant  reduction  in  ignition  temperiiure  in  all 
cases.  With  red  vulcanised  fibre  this  reduction  was  of 

the  order  of  50° 0* 

6)  The  special  ageing  experiments  carried  out  with  some 
selected  materials  provided  interesting  results,  but 
unfortunately  they  do  not  yield  general  conclusions. 

Tho  rosin  bonded  fabric  for  oxample  appeared  unaffocted 
by  Btorago  at  150°C  in  oxygon  at  100  atmosphoros  for 
poriods  up  to  lb  hours,  Bed  vulcanised  fibro  on  tho 
othor  hand  ignited  in  oxygen  at  100  atmosphores  aftor 
an  •induction  period1  between  20  minutes  and  2^  hours 
at  about  60°0  below  the  normal  ignition  temperature. 
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J)  ’pot*  ignition  temperatures  were  found  to  give 

some  indication  a*  to  the  relative  order  of  ignition 
temperature  In  high  presauis  oxygen.  la  the 
following  tablo  the  'pot1  ignition  temperatures  are 
compared  with  she  average  ignition  temperatures  In 
oxygen  at  100  atmospheres.  The  arrangement  of  the 
matt  rials  In  drder  of  increasing  'pot'  ignition 
temperature  is  substantially  the  same  as  the 
arrangement  in  order  of  increasing  ignition  temperature 
in  oxygen  at  ICO  atooepheres.  The  differences  in 
'pot'  ignition  temperature  an  the  tablo  Is  descended 
is  much  greater  than  the  corroeponding  differences  in 
tho  ignition  temperature  at  100  atmospheres.  If 
Ignition  temperatures  were  a  complete  index  cf 
resistance  to  ignition  in  osygen  at  high  pressure  it 
i«  clear  that  tho  !potf  test  would  be  more  sensitive 
than  the  high  pressure  test* 

TA3L3  36 


Material 

’Pot1  Ignition 
Temperature, 
o0 

ignition  leap, 
in  Oxygon  at 

ICO  ats,  °C 

3e$in  bonded  fabric 

320 

201 

Bod  vulcanised  fibre 

325 

215 

Polythene 

380 

205 

Polyvinyl-acotate 

420 

246 

Polyvinylchloride  (plaaticieed) 

450 

244 

Hylon 

500 

249 

Teflon 

Polyvinyl-alcohol  (PCCI^) 

530 

660 

J  >350 

CLASS  IT  -  YALYI  SEATS  AlO  HEG'JLATOa  DlAPHBAOiB . 


A  number  of  arterial#  intended  for  ubo  tither  et 
valve  eonte  or  as  diaphragms  in  cylinder  regulators  manufactured 
by  toe  British  Oxygen  Company  wore  examined.  In  most  cases 
details  of  formulation  wore  unknown.  Tor  tho  presentation  of 
results  those  nctori&ls  are  classified  as  follows •- 

1.  OACC  Seats. 

2.  Beeswaxed  Leather  Washers. 

3.  Grey  Horn  Tibra  Beats. 

4.  Rubber  Scats 

(a)  Ebonite 

(b)  Soft  Rubber. 

5.  Ribber  Diaphragms. 


IT, 1  -  GACO  Soats . 


Two  samples  of  GACO  seats,  Grader  1,90  and  E. 22  mA* 
by  the  George  Angus  Company  were  examined  in  high  pressure  oxygen 
as  received  and  after  accelerated  Ageing;  the  results  are 
presented  in  Table  37.  Accelerated  ageing  was  carried  out  by 
storing  the  materials  in  copper  tubes  for  three  days  in  oxygen 
at  100  atmospheres  and  500C,  In  a  previous  attempt  at  accelerated 
agoing  several  materials  included  in  this  section  had  been  stored 
for  44  days  in  oxygon  at  100  atmospheres.  The  samples  were 
contained  in  small  copper  tubes  maintained  at  &0°0,  Many  of  the 
materials  were  completely  decomposed  by  this  treatment  but  the 
GACO  seats  wore  only  slightly  affseted.  The  H.22  samples  become 
slightly  tacky  but  the  1,90  samples  were  virtually  unchanged.  In 
view  of  the  complete  deeompoation  of  most  materials  during  this 
drastic  treatment  milder  conditions  (etorsge  for  three  days  at 
50° 0)  were  subsequently  used. 

TALUS  37. 


Ignition  Temperatures  of  &A00  Seats, 


Pressure 

ate. 

Ignition  Temperature  -  °0 

Sj2 

Ae  received. 

2. 

After  ageing, 

25.90. 

As  received. 

i 

After  Ageing 

50 

400 

100 

331 

349 

287 

243 

250 

18a 

- 

— 

L_= _ i 

The  'pot1  ignition  temperatures  of  both  the  OAOO  samples 
were  quite  high  and  were  above  39G°0. 


IT. 2  -  Beeswaxed  Leather  Washers, 

The  ignition  temperatures  were  determined  in  oxygen 
at  100  atmospheres  as  received)  after  leaving  in  air  in  the 
laboratory  for  three  months  and  after  storage  for  three  days 
at  50JC  in  oxygen  at  100  atmospheres,  The  results  are  given  in 
Table  381  although  the  average  ignition  temperature  is  little 
changed  by  storage  at  50°C  in  high  pressure  oxygen  it,  will  be 
seen  from  the  results  of  individual  experiments  that  after  storage 
in  high  oreseure  oxygen  the  material  has  a  very  variable  ignition 
temperature  and  may  Ignite  at  as  low  a  temperature  as  lBO°0. 

Storage  for  44  daye  at  8o°0  in  oxygen  at  100  at Biosphere-e  decomposed 
the  samples  completely.  A  fine  powdery  residuo,  bearing  no 
resemblance  to  the  original  material,  was  removod  from  tho  copper 
otorage  tube, 
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Ignition  Teateratures  of  Beeswaxed  Leather  Washers, 


— 

'Pressure 

Ignition  Temperature  -  °0  ! 

Description  of  Sample 

Individual 

results. 

Aver- 

As  received 

100 

*86,  163, 
217,  204. 
20?,  20 b. 

197 

■ 

After  three  months  in  air 
at  room  temperature 

100 

195.  193. 
200,  205, 
205,  195. 

133 

5 

After  three  days  at  50°0  is 
oxygen  at  100  atmospheres. 

100 

250,  120, 
193,  H8, 
l8.LL.g2I.t- 

184 

_ _ 5 L_ 

335°0. 


Ttes  ’pot1  ignition  iomperatura  of  the  material  was 


IT.  3  -  Oroy  Horn  ffibry  Scat  a. 

five  different  sample*  of  groy  horn  fibre  were  reoeivod. 

The  ignition  temperature*  wore  determined  under  flow  condition*  in 
oxygen  at  100  atBoepho-e*  on  sasplos  as  received,  and  in  throe 
cases  after  agoing  for  six  months  in  ft  steel  bomb  maintained  at  the 
ambient  temperature  containing  oxygen  at  100  atmospheres.  Table  39 
gives  the  minimum  'pot'  ignition  temperatures  and  the  average 
ignition  temperatures  at  100  atmospheres,  In  all  oases  reproduoibilJ 
of  results  wae  good. 


TAIL!  39. 


Ignition  Temperatures  of  Prey  Horn  fibre  Seats, 


Oode  Ho,  of 

Minimum 

'pot1 

Ignition  Temperature  in  oxygen  at  100  j 

atmospheres  -  °0  i 

Sample 

ignition 
Temp,  °0 

— 

As  received 

After  ageing  for  6  months  in 
oxygen  at  100  atmospheres. 

A/61452/* 

222 

252 

B/50799/i 

mm i 

230 

6/50801/* 

223 « 

hh 

1 

258 

220 

— ~ — — 

18/OOOOG/S 

330 

232 

- 

«  this  sample  was  also  examined  at  50  atmospheres 
when  the  ignition  temperature  waa  found  to  be 
247°0  1 _ 1 _ 

The  results  indicate  that  a  prolonged  storage  in 
oxygen  does  not  affoot  the  samples  greatly  and  that  the  saaplos 
from  uifforont  sources  ignite  at  about  the  same  tomperature, 
While  the  'pot ’  tuition  temperatures  aro  quite  low,  tho 
ignition  temperatures  at  100  atmospheres  are  relatively  high, 
and  It  appears  that  the  ignition  temperature  of  grey  horn  fibre 
Is  net  greatly  affected  by  increase  in  oxygon  pressure. 


IV,  4  -  Rubber  Sea  til, 
(a)  Ebonltot 


A  sample  of  ebonite  made  by  the  Northern  Rubber  Company 
was  oxamined  in  a,  flow  of  oxygen  up  to  preBsuroo  of  2^0  atmospheres 
The  dotullod  reuulta  are  given  in  1'ablo  40  and  shew  that  tho 
Ignition  torjporatui'o  at  5®  atmospheres  is  quite  low,  and  thoro  is 
pn.nll  reduction  In  the  ignition  temperature  as  the  pressure  is 
increased  to  250  atmospheres.  The  materi.-l  has  tho  low  'pot' 
ignition  temperature  of  515° 0* 

TABLE  40 


Ignition  Teape  'uras  of  Ebonite  (Code  No,  36/OOQQO/b) 


30 

_ 1 

Individual  resalts. 

Average 

50 

200,  l8l.  176.  171.  l8l,  183. 

182 

10 

100 

lo2 

7 

175 

147.  134.  142,  142,  142.  159- 

144 

8 

250 

ML. .1.44.  ..Lr>§x.ligi-jiL-jJ0- 

_ 54£_ 

10 

Another  sample  of  ebonite  obtained  from  the  Indiarubber 
Outta  Feroha  Company  (Coda  Ko.  ll/BOljS/E)  was  examined  at  100 
atmospheres  and  found  to  igilte  at  307°0.  This  Isa  considerably 
higher  temperature  than  the  ignition  temperature  given  in  Table  40. 

The  minimum  'pot1  ignition  temperature  was  also  quite  high  at 
42C°0.  Unfortunately  the  compooltioc  of  these  ebonite  samples 
is  not  known,  but  it  is  clear  that  ebonite  from  different  souroes 
may  have  very  widely  different  ignition  characteristics, 

(b)  Soft  Rubber  Seats? 

Samples  of  soft  rubber  eeais  for  use  in  regulators  or 
in  safety  valves  were  examined  in  a  flow  of  oxygen  at  100  atmospheres. 
The  averago  ignition  temperatures  and  the  c/nisum  !pot*  ignition 
temperatures  are  given  in  Table  41* 


TABLE  41 . 


Ignition  Temperatures  of  Soft  Rubber  Seats. 


Code  No.  of 
Sample. 

Supplier. 

Colour 

Minimum 
'pot 1 
ignition 
Tamp,  °0 

• 

Ignit  i.on 

Temp,  at  100 
ats.  °0 

— 

Andre  Rubbor  Co, 

Black 

mm 

— 

50864 

Andro  Rubber  0o, 

Black 

_ 

mm 

Red 

mm 

mm 

lhl939/» 

Send ell  Oo. 

Prey 

_ 3I5_ 

146 

IY.5  -  Diaphragms. 

Rubber  diaphragms  about  Inches  diameter  form  an 
important  part  of  the  necond  (low  pressure)  stage  of  two-stage 
regulators.  Several  diaphragms  were  reoeived  for  examination 
and  the  ignition  temperatures  wore  determined  in  a  flow  of 
oxygen  at  100  atmospheres,  ao  received,  and  5n  some  oasue  aftor 


storage  for  3  d h/o  in  oxygen  ut  100  atnosphcros  at  50°0.  In 
sons  oases  the  ignition  temperature  was  also  determined  at 
50  atmospheres.  The  results  are  given  in  Sable  4 2. 

TABU  42. 


Ignition  Temperatures  of  Biaphragas, 


Code  No.  of 
Sample. 

1  «-»  J  1 

Description  of  Sample. 

ijuijijrTjM 

Ignition  Tempera ture 
°0 

aaBBS 

EH 

l/32222/l 

Andre  Oo. 

320 

H 

192 

■ 

Black  rubber  contain¬ 
ing  3  layers  of 
fabrlo. 

2/35141/** 

Heinke  Co. 

370 

160 

Hod  rubber 

3/31921/1 

Andre  Oo. 

340 _ 

242 

14? _ 

138  ... 

Black  rubber  contain¬ 
ing  2  layers  of  fabrlo 

4/51626/35 

Andre  Oo. 

m 

173 

Black  rubbor  contain¬ 
ing  3  layers  of  fabrlo 

5/35141/* 

Heinke  Oo. 

340 

166 

Hed  rubber  contain¬ 
ing  2  "'ayere  of  fabrlo. 

14/32222/1 

Leyland  A  Birminghajr 

__  34P  . 

244 

178 

167 

drey  rubber  containing 

3  layers  of  fabrlo. 

15/31921/1 

fl 

leyland  &  Birmingham 

330 

of  this  me 
s  wae  137°C 

236 

it  e  rial 

J53 

.n  a  flow 

_ 

193 

of 

L  _ _ 

drey  rubber  containing 

2  layers  of  fabric 

fhe  ignition  temperature 
axygen  at  250  atmosphere! 

Class  IV  -  DISCUSSION. 


All  the  materials  reported  in  this  section  have  been 
ueed  in  oxyg6u  regulators  as  valves  or  diaphragms  controlling 
the  flow  of  gae  from  cylinder- a  at  hl^h  pressures,  int  o  the 
supply  lines  at  low  pressure.  The  frequency  of  firoe  in  oxygen 
regulators  Is  certainly  very  low,  but  because  the  number  of 
regulators  in  use  is  large  a  number  of  fires  originating  in 
regulators  have  ocurred.  While  It  has  not  be  1  possible  to 
trace  with  any  cei '  ainty  thp  exact  cause  of  these  incidents  it 
seems  beyond  doubt  that  a  small  potion  of  inflammable  material 
inside  the  regulator  has  been  raised  to  its  ignition  temperature; 
the  results  presented  in  thlB  section  indicate  that  the  Ignition 
temperature  for  many  regulator  mnteriole  is  of  the  order  of  150°0 
.n  oxygen  at  100  atmospheres. 

The  more  resistant  materials  in  this  class  were  the 
(JACO  sheetSj  grey  horn  fibre  eheots  and  the  ebonite  obtained  from 
the  Indiarubber  Gutta  Peroha  Company,  the  ’pot1  and  high  presairo 
ignition  temperatures  of  the  othor  materials  wore  low. 

The  'pot'  ignition  temperature  of  grey  horn  fibre  vae 
relatively  low  at  330°0  yet  all  tho  groy  fibres  examined  in  oxygon 
at  100  atmospheres  had  ignition  temperatures  above  220OC,  This 
material  is  the  only  one  examined  which  has  an  ignition  temperature 
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in  high  pr sure  oxygen  considerably  higher  than  would  he  expeoted 
from  Its  'pot*  ignition  ttsmpeiature. 

J.I.Mabfcs  examined  the  behaviour  of  a  large  number  of 
regulator  Beat  material*  in  high  pressure  oxygon#  Hie  work  is 
presented  fully  in  "Report  to  the  Oxygon  Regulator  Rno.iar** 

Committee  of  the  Compressed  Can  K'anufaeturere  Aecociation  on  the 
Investigation  of  Oxygen  Regulator  Soat  Materials"  dated 
November  15th  1923#  Unfortunately  he  did  not  find  the  exact 
ignition  temperature  in  high  pressure  oxygen,  but  heated  samplee 
to  100°,  200&  and  300°C  to  determine  to  the  nearest  100°  the 
temperature  at  which  the  material  was  consumed.  It  is  cot  possible, 
therefore,  to  compare  the  reaults  obtained  by  Kabbs  at  high 
pressure  with  those  presented  in  this  report,  but  he  did  determine 
a  few  ignition  temperatures  in  a  flow  of  oxygen  at  1  atmosphere. 

In  the  case  of  hard  rubber  Mabba  found  the  ignition  temporature 
to  be  in  the  range  of  34O  -  415°®>  average  ignition  temperature 
of  nine  samples  wao  3^4°^«  The  most  interesting  feature  of  Kabbs* 
work  is  that  he  demonstrated  that,  with  tho  exception  of  the  motals 
and  animal  ivory  in  block  form,  all  the  materials  ho  toeted  could 
bo  fired  by  adiabatio  compression  of  oxygen  to  about  2nrsO  p.e.l. 
Materials  ignited  in  this  manner  included  casein  compounds,  fibres, 
bakelite  Impregnated  materials,  hard  rubber,  vegatable  ivory  and 
celluloid. 


Thu  following  conclusions  are  taken  from  Mabba1  report I- 

"The  lnveotlgatlon  has  shown  that  all  practicable  eeat  material* 
for  oxygon  prossuro  regulators  are  oombustlblo  under  oondltlon* 
which  may  occur  occasionally  in  service,  The  two  interdependent 
cause*  for  ignition  of  the  seat  aret- 

1  -  Heat  generated  by  the  wudden  compression  of  oxygon  or 

air  in  tho  high  proosure  inlet  tube  of  a  rogulator, 

2  -  Small  separated  or  protruding  fibres  of  the  material 

on  the  surface  of  tho  eoat  oxposod  to  tho  high  pressure 
gas. 


The  ideal  solution  for  tho  el l'*’ nation  of  this  fire  and 
explosion  hnaard  would  be  a  metal  soat;  but  up  to  the  present, 
however,  no  alloy  hae  been  formulated  which  haa  the  desirable 
seating  characteristics  of  hard  rubber.  The  efforts  of 
regulator  manufacturers  should  be  concentrated  upon  the 
development  of  a  satisfactory  mutal  soat." 

Some  of  the  materials  lnoludod  in  Class  III  of  this  report,  e.g. 
toflon  and  polyvinyl-alcohol  phosphorylated  with  FOCI.,  have  very 
much  higher  ignition  temperatures  than  the  materials  J  tested  by 
Kabbs,  and  it  Is  likely  that  valve  seats  made  from  these  materials 
will  be  ac  safe  to  use  In  high  pressure  viygen,  as  metal  se&to. 
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QLA83  7  -  METALS  AND  ALL0Y8 ■ 

The  following  notali  all  supplied  by  tho  Ministry  0f 
Supply  wore  examined  I - 

Sural, 

Magnecium  Alloy, 

Magnesium  Powder, 

Copper  Turnings, 

Brass  Turning  a, 

Kild  3teel  Turninge, 

Hone  of  the  metAla  examined  in  high  pressure  oxygen  ignited. 

In  noat  oxpo rlment e  the  cample*  were  weighed  before  and  after  the 
experiments,  but  ae  will  bs  aeen  fron  Table  43<  changes  in  weight 
were  negligible. 


TABLE  43« 


Temperature 

Oxygon 

Me tal , 

at  end  of 

Pressure 

Weight  in  grams. 

experiment 

°0 

r.ta. 

Before 

After 

Dural 

450 

50 

0.075 

O.O75 

450 

100 

O.OO53 

O.O85O 

400 

175 

0,0843 

0.0839 

300 

250 

0.0755 

0.0752 

300 

250 

EEfim 

0,0730 

Magnesium  Alloy 

420 

175 

300 

250 

0.0348 

0.0348 

Magnesium  Powder 

360 

100 

Ooppor  Turnings 

300 

mm 

EH 

0.0981 

Brass  Turnings 

mm 

mm 

Wmsmfes 

m%mm 

0.0411 

0.0407 

Mild  Steel  Turnings 

300 

250 

0.0550 

0.0549 

300 

250 

O' 0455 

Special  experiments  were  carried  out  with  nagneslun  alloy, 
mild  eteol  turninge  and  with  copper  turnings.  About  ,05  gn.  of 
oach  of  the  metals  whs  placed  In  tho  sample  boat  tc  which  was  added 
a  snail  amount  of  aircraft  lubricating  oil  supplied  by  the  Ministry 
of  Supply  and  reported  in  ClaR8  1.  The  weights  of  motnl  and  oil 
were  carefully  determined.  Tho  boat  was  placed  in  the  high 
pressure  bomb  in  tho  normal  manner  and  Ignition  temperatures  determined 
in  oxygon  at  250  atmospheres.  In  all  oases  ignition  occurred  at 
a  temperature  corresponding  to  the  normal  ignition  temperature  of  the 
oil.  Examination  of  tho  residue  showed  that  the  oil  was  completely 
consumed  and  the  metal  oxidised.  The  weight  of  the  residue  was 
determined.  The  following  results  for  copper  turninge  are  typical I  - 


Weight  cf  copper  turnings 
Weight  of  lubricating  oil 
Weight  of  roslduo 
Ignition  Temperature 


0.C609  gras, 

O.0253  " 
0.0718  » 

211°0 


Tho  increase  in  weight  of  the  copper  vur  bigger  than  that  required 
to  convert  all  tho  ccpfor  to  OupO.  Tho  residue  tcr.sictcd  of 
black  copper  oxide  with  a  email  portion  of  unoxidised  copper. 
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01m  ?  -  DIBOUSSIOH. 

Otader  the  condition*  u*ed  is  the*®  experiment*  none 
of  the  metal*  Ignited  whan  heated  alone  in  oxygen;  nor  were 
they  cxidiMd  appreciably.  If  smell  quantities  of  aircraft 
lubricating  oil  wore  Included idth  tic  motel*  the  ignition  of 
the  oil  occurred  normally  and  raised  the  tespemture  sufficiently 
to  ignite  the  metal.  M.D. Eersey  in  his  paper  entitled 
pBi*  Study  of  Oxygen-Oil  frploslon  Basard*  1924*  report*  the 
ignition  temperature*  of  copper,  bras*  tad  iron  la  high  pressure 
oxygen.  In  all  oases  increases  in  pre enure  up  to  ICO  atmospheres 
omuaftd  progressive  reduction  of  the  ignition  temperatures, 
Inorwasea  in  pressure  aboTe  about  100  atmospheres  caused  no 
further  reduction  below  0^5°0  of  tho  ignition  ioopemtur*  of 
oopper.  The  ignition  tosperafure  of  brass,  at  pressures  above 
^0  atmospheres  was  slightly  less  than  that  of  oopper*  The 
ignition  temperature  of  iron  fells  approximately  linearly  with 
pressure  from  about  935°  **  1  atmosphere  to  600 0  at  about 
150  atmospheres  pressure.  Bsraey  reooamo&ds  that  oopper  or 
brass  bo  usod  in  preference  to  iron  in  tho  cone  traction  of  gat 
manlfolde  u*ed  in  high  pressure  oxygen  oystaa*. 
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OEHSHAL  r.IS  'US  3 1  ON 

'.lie  objective  of  the  work  described  in  thlo  report  was 
thG  doti.r,i,lno t lor.  of  the  ignition  temperatures  of  selected 
materials  in  oxygen  nt  pressuros  up  to  250  atmoephereo  and  to 
study  the  influonco  thereon  of  a  number  of  variables.  In  the 
fivo  proceeding  ooctlone  the  recults  obtained  have  boon  reported 
fully  and  it  ie  proposed  to  review  those  results  briefly. 

Nono  of  tho  materials  oxamined  ignited  spontaneously 
in  oxygon  at  prouaurou  up  to  250  atmospheroo.  For  ignition  to 
occur  tho  sample 0  had  to  bo  heated  to  at  least  100°0  and  in 
somo  cases  (o.g.  tho  metals,  Toflon)  thoy  fallod  to  ignito  at 
the  highest  prosouroo  even  If  heated  to  350°0. 

Increases  in  presr  \re  above  atmospheric  led  to  a  marked 
reduction  in  ignition  temperature  for  practically  all  material* 
except  those  in  (lines  1  (lubricants  and  throad  Dealing  compounds) 
tho  ignition  tomporaturee  of  which  were  relatively  unaffected  by 
pressure  changee  in  tho  range  50  -  25®  atmospheres.  A  number 
of  materlalo,  e.g.  Tufnol,  reBin  bonded  fabric,  polyvinyl  chloride, 
nooprene,  hycar  and  I.C.I.  standard  rubber  showed  a  progrosslve 
fall  in  ignition  temperature  as  the  pressure  was  increased  to 
250  atmospheres.  With  most  other  materials  except  those  in 
Claes  I  tho  reduction  was  appreciable  in  the  pressure  range  up 
to  100  atmospheres  but  increases  in  pressure  above  100  atmosphere* 
had  a  much  smaller  effect. 

With  tho  few  exceptions  discussed  in  the  report  tho 
effect  on  ignition  temperature  of  variablee  other  than  pressure 
was  not  pronounced. 

The  reproducibility  of  the  rooultB  for  different 
materials  under  given  conditions  varied  considerably.  The 
standard  deviations  of  the  individual  rosulte  from  the  mean 
wore  generally  hetwoon  10°  and  30°>  in  a  few  caBeo  wore  aB 
much  as  50°C.  Although  average  result e  have  boon  UBod  freoly 
in  thiB  report,  it  may  well  be  that  the  lowest  ignition  temperature 
recorded  for  any  given  material  is  of  greater  significance  in 
assessing  the  ignition  hazard;  in  many  cases  the  individual 
results  have  therefore  been  quoted.  Reproducibility  of  results 
obtained  by  the  'pot'  test  was  good  and  'pot1  ignition  temperatures 
wero  determined  with  moot  materials  to  within  5°*  The  'pot' 
temperature  gave  a  good  qualitative  indication  of  tho  ignition 
tomporaturo  in  high  prossuro  oxygen. 

As  nono  of  tho  materials  examined  ignited  spontaneously 
in  oxygen  except  when  heated  to  a  fairly  high  temperature,  it  le 
necessary  in  considering  the  ignition  hazard  that  may  arise  in 
high  preosuro  oxygen  systems  to  understand  how  the  temporature 
can  be  raised  sufficiently  inside  a  closed  system  for  the  loast 
resistant  material  pr-.  lent  to  attain  its  ignition  temperature. 

In  such  systems  under  dynamic  conditions  the  pressure  of  the  gas 
falls  as  the  gas  pauses  along  tho  systom.  The  free  energy  of 
all  gases  falls  with  pressure  and  in  cortain  circumotancos  thiB 
decrease  in  free  energy  can  bo  converted  by  ono  or  moro  steps 
into  heat.  For  example  If  gas  from  a  cylinder  at  high  pressure 
le  allowed  to  pejs  Into  a  closed  vessel  at  a  lower  pressure  the 
gas  entering  the  vossol  compresses  the  gas  initially  present  in 
the  vessel.  The  compressed  gas  lo  warmed  at  the  expense  of  tho 
free  energy  of  tho  expanding  gao.  formally  the  boat  of  compression 
is  dissipated  rapidly  without  any  material  increase  in  the 
temperature  of  any  part  of  tho  eystom  bu.  if  tho  cylinder  is 
oponod  suddenly  tho  compression  of  the  gas  at  the  lower  pressure 
is  substantially  adiabatic  and  may  result  in  a  considerable 
increaoe  in  temperaturo.  Although  this  incroase  in  toraporature 
is  transient  and  tho  quantity  of  heat  generated  is  small,  adiabatic 
compression  may  cause  tho  temporature  of  a  small  part  of  tho  system 
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to  be  roir.  d  to  tho  level  at  uhich  ignition  occurs.  Apart 
from  adiabatic  compression,  the  free  energy  of  the  high 
pressure  gao  may  also  be  converted  into  heat  (u.)  by  friction 
in  narrow  channels  in  which  the  gno  move*  at  high  veloc  lty 
relatively  to  its  surroundings,  (b)  by  causing  a  part  of  the 
system  to  vibrate  at  high  frequency  or  (c)  by  electrostatic 
discharge.  It  ie  not  easy  to  estimate  the  temperature  that 
can  be  attained  except  in  the  cose  of  adiabatic  compression 
In  which  tho  maximum  temperature  car  be  calculated  readily 
from  tho  thermodynamic  properties  of  the  gas.  tor  example 
if  oxygen  at  room  temperature  is  compreB3ed  adiabatically  so  that 
its  pressure  io  ir.creaced  ten  tines  the  temperature  of  the  gas 
will  exceed  40C°C. 

The  possibility  of  fires  in  high  pressure  oxygen  systems 
would  be  largoly  avoided  by  measures  that  would  prevent 
conversion  of  ths  free  energy  of  the  compressed  gas  into  boat. 

If  this  could  bs  achieved  in  the  design  of  oquipaent  then  the 
ignition  characteristics  of  the  materials  that  oome  into  contact 
with  the  oxygen  would  be  of  secondary  importance.  Until  this 
ideal  Is  reachod,  safety  in  the  uee  of  high  pressure  oxygm  will 
depend  not  only  on  the  sslection  of  materials  with  a  high, 
ignition  temperature,  but  on  careful  attention  to  tbs  design  of 
the  appaiatus,  and  up  n  the  observance  of  a  number  of  eleaontary 
but  essential  precautions.  As  the  starting-point  of  coabustlon 
will  clearly  be  determined  by  the  material  of  lowest  ignition 
temperature  which  happens  to  be  present,  It  is  important  to 
exclude  carefully  all  traces  of  organic  dust  and  oil.  Particles 
of  dust  and  fibre  introduce  a  special  hatard  in  connection 
with  the  temperature  rise  which  occurs  on  adiabatlo  comprtsslon 
In  a  clossd  tubs.  In  this  oass  ths  rise  In  temperature  of  tha 
ga<  say  be  considerable,  but  its  heat  capacity  is  small.  The 
gas  is  horofor6  unablo  to  raiso  appreciably  ths  temperature 
of  any  massive  body  with  which  it  is  in  contact,  and  its  heat 
is  rapidly  dissipated,  A  small  particle  of  flbtw  lu  the  ga» 
stream,  however,  can  be  raised  to  a  temperature  approaching  that 
of  the  gas,  and  can  therefore  readily  be  ignited.  *h«n  this 
occurs  it  will  cause  the  ignition  of  any  other  inflammable 
material  in  its  vicinity. 

The  work  described  in  this  report  doss  not  provide  a 
basis  for  choice  of  materials  for  use  in  high  pressure  oxygen 
without  regard  to  the  circumstances  of  use,  but  it  is  hoped 
that  it  will  serve  as  a  useful  guide  for  tne  selection  of  ths 
best  materials  for  a  pa  rticular  duty,  and  tha  range  of  conditions 
undor  which  they  car.  be  enfoly  used. 
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appitoix  i. 

mz  in  high  psdssure  bokb. 

Tho  incident  described  in  this  Appendix  occurred 
during  experiment  Ko.201  in  which  the  ignition  temperature  of 
0.1  gm.  of  aircraft  lubricating  oil  was  being  determined  according 
to  the  mothod  doscblbed  in  the  Report,  The  experiment  vbb 
carriod  out  in  oxygon  at  a  pressure  of  250  atmospheres  and  the 
gas  was  flowing  through  tho  apparatus  at  tho  rate  of  2  litres/minute. 

Description  of  Incident i 

About  30  seconds  after  the  start  of  the  experiment  a 
failure  occurred  In  the  heating  system  caused  by  a  short  circuit; 
the  fuses  were  blown  and  the  ammeter  and  voltmeter  readings  fell 
to  zero.  A  few  seconds  later  there  was  a  very  loud  report 
accompanied  by  a  sudden  release  of  pressure  from  the  bomb.  After 
dismantling  the  apparatus  it  •-■•'•e  found  that  tho  tufnol  washers, 
part  of  the  copper  connector  ^nd  most  of  the  3teel  gland  had  been 
burnt  away.  Tho  neighbouring  glend  had  been  scorched  and  the 
high  pressure  line  foodlng  oxygen  to  the  bomb  was  Bplit.  Figure  IA 
shows  in  detail  tho  arrangement  of  the  eloctrlcal  lead  into  the 
bomb  before  and  after  the  incident.  The  photographs  illustrate 
tho  damago  caused  to  the  various  parts.  The  dnmago  caused  to  the 
stainless  steel  gland  was  particularly  severe  and  the  incident 
confirms  that  normally  "safe1*  materials  llko  stainless  steel  can 
be  mode  to  ignite  in  high  pressuro  oxygen. 

Probable  Explanation  of  the  Fire! 

It  is  certain  that  the  Incident  described  above  was 
initiated  by  a  short  circuit  between  the  electrical  lead  and  the 
be  ib.  It  is  believed  that  a  spark  caused  by  the  short  circuit 
Ignited  the  tufnol  washer  on  the  innor  side  of  the  copper  connector. 
Combustion  was  at  first  relatively  slow  as  the  products  of  combustion 
had  no  means  of  escape.  Eventually  the  second  tufnol  waBher  on 
the  other  side  of  the  coppor  connector  was  ignited  and  when  thie  was 
partially  burned  tho  products  of  combustion  were  swept  away  into 
the  atmosnhero  by  a  flow  of  clean  high  pressure  oxygen.  The 
remaining  tufnol  washer  then  began  to  burn  vigorously  and  in  the 
atmosphere  of  high  pressure  oxygen  a  temperature  was  reached  which 
caused  the  steel  to  melt  and  burn, 

Steps  taken  to  avoid  recurrence S 

The  tufnol  ’washers  were  replaced  by  similar  washers  made 
in  teflon  (poly-totrafluoroethylene)  the  Ignition  characteristics 
of  which  are  described  in  tho  main  Report. 

The  onds  of  tho  coppor  connector  wero  extended  so  that 
if  a  break  occurred  tho  load  would  not  come  into  contact  with 
tho  bomb  near  tho  waohors. 

The  steps  taken  to  avoid  a  similar  incident  were  quite 
satisfactory  and  no  further  trouble  with  the  electrical  lead 
was  experienced  in  the  2000  subsequent  experiments. 
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3RPI0SICH  IN  EXIT  TUBS  ?TOK  BOK^j . 

'’’ha  incident  described  In  this  Appendix  occurred  during 
experiment  Ho.1151  in  which  the  ignition  temperature  oi‘  0.1  ga. 
of  silicone  grease  D.0.41  wuti  belrg  determined  in  oxygen  at  a 
pressure  of  2b0  ataospiie~ea  flowing  at  a  rate  of  2  iitree/mlnutes. 

Description  of  Incidenti 

Abrut  four  minutes  after  the  commencement  of  the 
experiment  when  the  temperature  recorder  was  registering  a 
temperature  of  331°0  a  violent  explosion  occurred  and  the  pressure 
in  the  system  fell  Immediately  to  atmospheric.  On  Inspection 
it  was  frnnd  that  the  copper  exit  tube  ($"  0,D.  x  l/l6R  I.D. ) 
conducting  gas  away  from  the  bomb  had  burst  -n  a  number  of  places. 
Most  of  she  bursts  were  spaced  at  about-  i"  apart  and  all  occurred 
in  the  first  42"  of  the  exit  tuba.  The  damage  to  the  copper 
p'eeeuro  tube  is  shown  quite  clearly  in  the  accompanying  photograph. 

The  boat-  containing  the  sample  and  the  thermocouple  and 
its  gifts’*  sheath  were  intact,  but  the  ignition  tube  was  cracked 
at  one  end, 

Probable  Xxplannt ion  of  the  Explosion f. 

Hot  gusaa  leaving  the  bomb  pass  to  waste  through  the 
copper  pressure  tube  which  lss  for  most  of  its  length,  at  the 
ambient  temperature.  Before  any  sample  reaches  the  ignition 
temperature  'uming  generally  oocure  giving  rise  to  volatile 
decompostion  product**  which  are  carried  forward  from  tho 
reaction  >  and  may  be  condensed  in  the  exit  line.  In  this 
parti cola  iotacce  it  is  believed  that  ignition  commenced  in  tho 

normal  manner  inside  tho  bomb  but  tho  reaction  tube  and  part  of 
tho  exit  tube  r.oar  the  -it-  contained  an  cxploeivcmixturo  which 
was  ign’tod  following  the  ignition  of  the  main  sample  in  the  bomb, 
Tho  explosion  ir  tho  copper  vaow  was  intensified  by  the  presence 
of  combustible  decomposition  products  which  lasulted  in  the 
copper  tube  Bursting  in  several  places. 

Steps  taken  to  avoid  recur rone" ! 

Alter  this  incident  -he  exit  tube  was  replaced  and 
cleaned  with  triclorethylene  after  every  100  experiment  a. 
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